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Q U IL L O N SC A L P E L
This section
provides a medium through which Canadian
surgeons can declare themselves, briefly and in
formally, on the day-to-day affairs of surgery.

Meanwhile, the benefits of total intra
venous nutrition can be most safely and ef
Until six years ago, the morbidity and fectively provided by recognition of the
mortality associated with inadequate intes high risks involved and anticipation of the
tinal absorption were considered unavoid complications. The availability of intra
able and untreatable. Then Dudrick, taking a venous hyperalimentation should not cause
new look at the problem, demonstrated that us to overlook alternatives, such as feeding
a hyperosmolar solution of protein hydro jejunostomy or elemental diets, that may
lysate and carbohydrate delivered through be equally effective and far safer. The avail
a centrally placed venous catheter could ability of intravenous feeding should not
produce a positive nitrogen balance with lead us to unnaturally prolong life in those
resulting survival, growth and development, situations where loss of intestine is of such
in the absence of gastrointestinal nutrients.1 a degree as to make ultimate recovery im
The immediate and widespread application possible. Its utilization should remain in the
of his “life-line” technique produced many hands of experienced and disciplined per
benefits, but carried with it a long list of sonnel with optimal laboratory facilities and
serious complications. These technical, sep adequate administrative and financial sup
tic, thrombotic and metabolic problems are port.
particularly obvious in infants, and are
There is a continuing need to analyze
documented by Dimmick el al, in reporting experience, critically develop safer and sim
the early experience from the Vancouver pler techniques, and establish ethical stand
General Hospital elsewhere in this journal. - ards for the application of this new and
Many such complications have been mini potent artificial life support system.
mized, but not eliminated, in those centres
which are able to establish and maintain G ordon S. C ameron , m .d .
strict protocols for the aseptic preparation McMaster University,
of solutions, for the placement and mainte Hamilton, Ont.
nance of central venous catheters, and for
R eferen ces
very precise biochemical and bacteriological
1.
D
udrick
SJ,
W
ilmore
DW, V ars HM, R hoads
monitoring.3,4
JE: Long-term total parenteral nutrition
The promise of further reduction of these
with growth, development and positive ni
major complications rests with the develop
trogen balance. Surg 64: 134-42, 1968
ment of more physiologically acceptable 2. D im m ick JE, E llis D R , H ardwick D R , K l i nutrients that will allow the use of peri
m an MR: Complications of intravenous
alimentation in seriously ill infants. Can
pheral veins with a hoped-for reduction in
J Surg 17: 186, 1974
metabolic and septic problems.5 Already
RM, Eraklis AJ: Care of th e Critically
the a' ailability of “Intralipid” has markedly 3. F iller
111 Child: Intravenous alimentation. Pediat
reduced the need for central venous catheter
46: 456-61, 1970
placement, and it is possible to foresee the 4. W ilm ore DW, G r o f f DB, B ishop HC, D ud
rick
SJ: Total parenteral nutrition in
eventual development of a relatively phy
infants with catastrophic gastrointestinal
siologic nutrient solution that will allow the
anomalies. J Pediatr Surg 4: 181-9, 1969
maintenance of optimal nutrition by way of 5. C oran AG: The intravenous use of fat for the
peripheral veins with risks low enough to
total parenteral nutrition of the infant.
Lipids 7: 455-8, 1972
justify routine short-term use.
TOTAL INTRAVENOUS NUTRITION
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REVIEW ARTICLE
CHEMICALLY DEFINED DIETS*
KATHERINE D BURY M D F.R.CS.[C],f R. V. STEPHENS, M.D.. Sc.M.,
CHUNG-JA CHA, Ph.D. and H. T. RANDALL, M.D., F.A.C.S.,
Providence , /? ./., U.S.A.

C h e m ic a l l y formulated diets made up of
simple sugars, purified L-amino acids, and
all the known macro- and micronutrients
required for human nutritional maintenance
(except cobalt and vitamin K) have recently
become available for clinical use (Tables
I to III). Together with high caloric par
enteral alimentation1 and medium-chain
triglycerides2 they constitute an important
advance in medical nutritional management
over the past 10 years. Such diets have ex
panded the options in surgical nutrition,
occupying a position between total high
caloric parenteral nutrition and normal diets.
H istorical B ackground

Although chemically formulated diets
have been used in animal research for some
time, the significant animal studies related
to the formulation of a diet for clinical
use were carried out by Greenstein et aP
and reported in their series of papers pub
lished in 1957. Long-term nutritional studies
in rats were conducted, including investiga
tions of the effect on longevity, reproduction
and lactation over several generations. A
great decrease in fecal excretion was noted.
There were no morphological changes in
teeth, pancreas, or gut after one year. Posi
tive nitrogen balances were documented and
good weight curves were recorded. Essen
tial fatty acids were initially given as a
supplement, and later a diet was formulated
containing ethyl linoleate with Tween 80
as the emulsifier. In animals on high glucose
diets Winitz, Graff and Seedman4 docu
mented a significant lowering of serum
cholesterol with a return to normal when
sucrose was substituted for glucose. Other*From the Division of Surgical Research, De
partment of Surgery, Rhode Island Hospital, and
the Section of Surgery, Division of Biological and
Medical Sciences, Brown University.
Supported in part by Grant 5501-RR-05644 from
the U.S. Public Health Service.
fPresent address: Room 228, The Wellesley Hos
pital, 160 Wellesley Street East, Toronto,’ Ont
M4Y 1J3.

wise the changes in blood chemistry were
unremarkable. Shapiro, Rosenthal and
Gold-’ in 1969 described a hemorrhagic
syndrome in rats which was traced to the
presence of ethyl cysteinate hydrochloride.
The underlying mechanism was found to
be interaction of the free thiol groups
of ethyl cysteine hydrochloride with mena
dione, resulting in vitamin K deficiency. Al
tering the composition of either the mena
dione or the cysteine complex prevented the
condition. The latter was subsequently de
leted from the diets. Levenson et aP have'
recently reported a hemolytic syndrome as
sociated with pancreatic fibrosis in rats fed
a liquid chemically defined diet. The eti
ology of this remains obscure.
In 1970 Brown et al~ reported a decrease
in pancreatic trypsinogen in dogs ingest
ing elemental diets for three days, and ultrastructural studies revealed that pancreatic
acinar cell granules were predominantly in
the prezymogen form, while these were
sparse in dogs fed a normal diet.
C linical S tudies

Preliminary clinical studies on hospital- ’
ized patients were reported in I9608 and
showed that body weight was maintained,
liver and kidney function remained normal
and protein stores were replenished. Meta
bolic studies in two patients showed a caloric
intake of 40 to 50 cal/kg/day and a nitrogen
intake of 0.16 g/kg/day. Nitrogen balances
were consistently positive and clinical com
plications were negligible.
In 1970 Winitz, Seedman and Graff'-'
reported the results of ingestion of a chem
ically defined diet for periods up to six
months by 15 volunteers. Daily caloric in
take varied from 2,300 to 3,400 cal. If
initially overweight, the volunteers tended
to lose adipose tissue at first, but if initial
weight was within the normal range for age,
sex and body build, there was no appreciaable weight change. Serial estimations of
blood chemistry revealed no anemia and
no other significant alterations except a*
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T A B L E I.— C omposition per L itre of 25% W eight /Volume of T hree D iets *
High nitrogen
Vivonex

Ccdelid
C-alories/1,000 ml. ~

~

Carbohydrate (g> •

~
..........

Sodium (m E q )...................................
Potassium (m E q )..............................
Chloride (m E q )...............................
Magnesium (m E q )............................

.
Vivonex_______ Flextcal

^ °°°
198

203

25
24
37
7

212

33.5
23
52.5

4.3

149J3

52

3?

■■
73.2
■

3b ^

SSg&Sfc: : : :
Osmolality

™

_

840

nH
1

.........

5.4

4.3

fc jg r td )

^

5.5
( orange mild)

* Phe carbohydrate source in Codelid diets is sucrose, in Vivonex diets glucose and starch hydrolysate.
Vivonex 100 diet is low in nitrogen and relatively high in sodium. Osmolality of these diets depends on t
carbohydrate source and also on the amount o f amino acid present.

lowering of serum cholesterol while on a
glucose-based diet. There was a decrease
in stool excretion to 20% to 30% of normal.
An additional report dealing with changes in
fecal flora showed that in four subjects given
the glucose-based diet the flora became lim
ited within two weeks to three bacterial types
(bacteroides, coliforms and enterococci) at
levels of 10:! micro-organisms or less per
gram of feces.10 Quantitative and qualita
tive changes occurred depending upon

whether glucose or sucrose was used as the
source of carbohydrate. On a sucrose-based
diet there was a less uniform microfloral
pattern and a high population of bacteroides
was maintained. The partial substitution o f
fructose or 'sucrose for glucose was asso
ciated with an increase in fecal output over
that while on the purely glucose-based diet,
as determined from a prolonged study in
one patient. The authors considered that
the alteration in the fecal flora was due to

T A B L E II.- A mino A cid C ontent of D iets ( g /1,000 cal)*

Amino acid
L-isoleucine..............
L-leucine..................
L-lysine....................
L-methionine............
L-phenylalanine.......
L-threonine
L-tryptophan...........
L-valine....................
Total essential acids.
L-alanine................
L-argenine..............
L-aspartic acid.......
L-glutamine............
L-glycine................
L-histidine..............
L-proline................
L-serine..................
L-tyrosine...............
L-aspartate (m g ). .

F lexical
1.42
2.39
2.00
1.48
1.12
1.09
.43
1.76
11.69(44%)
.84
.93
1.88
5.45
.56
.70
2.53
1.48
.51

Codelid
72H
1.5
3.2
1.9
0.97
1.9
1.3
0.4
2.1
13.2(35.1%)
1.4
1.2
1.8
7.8
0.9
0.92
5.7
2.9
0.2
1.6

Vivonex
100
0.86
1.36
1.02(1)
0.88
0.98
0.86
0.26
0.95
7.1(36.2%)

Limits of minimal
intake21
1.6 g./day
1.8
1.8
.82
1.2
.98
.3
1.46
10.0

0.92
1.6(1)
1.95
3.2
1.5
0.42 (2)
1.2
0.63
1.1(3)

12.5
24.4
14.88
Total non-essential..
19.6
37.6
26.57
Total.......................
♦Both diets contain a ratio of about 35% essential amino acids to 65% non-essential amino acids. In neither
diet is there any cysteine ethyl ester hydrochloride.
, ,
, , •.
(1) Monohydrochloride; (2) monohydrochloride monohydrate; (3) ethyl ester monohydrochloride.
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TABLE I I I —Vitamin C ontents of D iets per 1,000 C alories*
Vitamin

Ascorbic acid (mg).............
Biotin (mg).....................
B i2([j.g)............................
Calcium pantothenate (mg).......
Choline chloride (mg)...............
Folic acid (mg)...............
Inositol (mg).................’ ............
Niacin (mg).................... .....
Para-amino-benzoic acid (mg)
Pyridoxine HC1 (mg)............ ’ ’
Riboflavin (m g)............
Thiamin HC1 (mg)
Vitamin A acetate (I.U .)...........
Calciferol (I.U .)..............
Tocopherol acetate (I.U.)! .........
Polysorbate 80 (mg)..................'

Flexical

Codelid

62.5

23!
X5
.62
.03
46
.02
.3
.7
.3
.625
.55
.37
2250
148
7.5
12.5

3.1
.C63f
63
11.3
11.3
1.3
1.1

.9
3125

2E0

18.8

Vivonex

Recommended
daily regimen

26.5
3C0 -.1
2.6
1 5 -5.2
£0
.05
60
6.9
8 -84.7(K salt)
1.C5
.85
4 -.625
5 -26C4
2EC0- 2C8
4C0
10.4
10

500
30
20

.15 - .3
.1
.15-

20
15
5
10
400

A

is necessary. S u p p lem m tetfo n ^th T rap ^ ic^ev ek ^f^ tam in s S anage7 ent X’1- 111'11 K supplementation
debilitated patients.
rapeutic Ievels of Vltamms B complex and C is usually necessary in
lished in full and is^vailaM e^ro^re^

composition of the various diets has previously been pub-

complete absorption of glucose in the small lowed by combinations of casein hydro
bowel, to lack of substrate for colonic bac lysates and glucose, and finally a chemically
teria, and to a possible decrease in the defined diet, in 5% to 10% w/v composi
secretion of digestive juices.
tion, fortified with additional amino acids.
In 1969 Thompson, Stephens and Ran Parenteral high carbohydrate and protein
dall’ i reported a 63-year-old man who supplementation was necessary throughout
required a massive intestinal resection fol his course. Metabolic balance studies were
lowing embolism of the superior mesenteric carried out for a total of 90 days. Gastro
artery. The 4 cm of jejunum that remained intestinal tolerance adapted to progressive
was anastomosed to the transverse colon. increases in diet osmolality (Fig. 1). Ab
Dietary management included instillation sorption of water and stool osmolality were
of 5% glucose in water into the gastroin
markedly increased by the use of parenteral
testinal tract through a gastrostomy, fol- codeine. Up to 1,200 cal daily was instilled
into the gut; gastrointestinal absorption of

..i

NITROGEN B A L A N C E

x ~i

\

F'gUp to 1,200 ml of diet per 24 hours
was tolerated by the adapting gut remnant of a
63-year-old man who had massive small bowel
resection. Intramuscular codeine nearly doubled
stool osmolality.

Fig- 2—Chart reflecting total nitrogen balance
on the upper scales and on the lower scale gastro
intestinal nitrogen balance in the same patient as
in Fig. 1. Periods of antibiotic administration are
also recorded.

r*

up to 6 g of nitrogen was demonstrated
(Fig. 2). Thus total daily nitrogen require
ments were almost met and 25% to 35%
of the patient’s caloric needs was supplied.
Although this patient eventually succumbed
to sepsis on the one hundred and first post
operative day, the potential usefulness of
such diets was illustrated.
A symposium on chemically defined
diets was held in Nuremberg in April 1970,
and three clinical reports are of interest.
Belin12 reported use of the diet in 12
pediatric cases and claimed it was well tol
erated, but he supplied little biochemical
and no balance data. McKean,13 using
similar diets in bedridden patients, achieved
an average caloric intake of 1,700 cal/day;
he reported a decrease in the size and fre
quency of bowel movements and that nurs
ing care was simplified.
He also reported his experience with
retarded phenylketonuric children fed 2,400
to 3,000 cal/day with 8.8 g available nitro
gen. Growth and development were main
tained over a three-year period. An essen
tially identical diet, low in phenylalanine,
resulted in no apparent differences in blood
chemistry, growth or general nutrition.
Blood phenylalanine levels were reduced
and EEG records often improved.
The effects of high carbohydrate diets
on serum lipid levels were reported by
TABLE IV.—B alance D ata

Patient
Age (yrs),
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Type
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MacDonald14 who compared sucrose, lac
tose, glucose and partial starch hydrolysate
as carbohydrate sources. Five days after the
diet was begun there was an increase in
triglycerides to 120% of the level of con
trols on a high sucrose diet and no changes
in subjects on other diets. Cholesterol levels
fell in subjects on sucrose and starch hydro
lysate diets. All high carbohydrate diets
tended to produce a fall in phospholipid
levels.
Further clinical trials with elemental
diets at the Rhode Island Hospital, Provi
dence, R.I., by Stephens and Randall15
showed that positive nitrogen and caloric
balance could be achieved in catabolic
states associated with a number of condi
tions including acute pancreatitis, massive
bowel resection, biliary fistula and ulcera
tive colitis. Thirteen patients with high-output gastrointestinal fistulas were fed chem
ically defined diets for five days or more
by Bury, Stephens and Randall.16 In this
small series a spontaneous fistula closure
rate of 54% was achieved, and mortality
was 15%. Fistula drainage was quickly
reduced in most cases. Balance data from
this group of patients are summarized in
Table IV. Positive nitrogen and potassium
balances were usually established. Weight
was maintained and serum proteins signifi
cantly increased. Mean daily caloric in-

Six P atients W ith F istulas
H our Values*

Weight
s

Caloric
intake
............

of the

Nitrogen
Intake Balance
-(g)
+3.3
6.2

Alimentary T ract. Average 24Potassium

Sodium

Intake Balance
'{mEq)
—

Intake Balance
(mEq)

+ 11.9

62.2

+ 18.5

127

+ 12

203

+46.5

+7.4

103

-2 4

195

+3

15.5

+3.9

145

+ 12

250

+ 15

13.5

+2.9

72

-1 3

E.M.
4M

Esophageal

12.7

125.9

W.W.
63M

Duodenal

58.2

57.2

19.5

+9.3

M.C.
46M

Duodenal

77.7

43.2

21.2

R.H.
44F

Biliary

37.3

99.1

R.H.
37M

Jejunal

52.7

43.6

37.6

94.5

-

0.8

95.2 +36.4
81.6 + 34
+4.7
11.1
43.6 (A) 48.8
Jejunal
F.P.
-1 9
11
-1 6
9
2
.0
1.9
(B)
10.9
49F
♦Patient E M was a 4-year-old boy with a tracneoesopnageai nsuna. rd u o u i . i .,
7“
V
resection was maintained in adequate nutritional status during period A with a combination of oral and
parenteral feedings, but during period B, on oral feeding alone, was in markedly negative nitrogen balance.
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takes ranged from 18.3 to 99 cal/kg/day
with a mean of 42.9 cal/kg/day in adults.
Duke et a /37 have shown that with caloric
intakes in this range, i.e. 20% above BMR
requirements, the non-protein respiratory
quotient
/ C 0 2 rele <aacd\
\C >2 consumed
is over 1.0, indicating conversion of carbo
hydrate to fat.
A recent paper from the Rhode Island
Hospital reports on the usefulness of these
diets in infants and children with gastro
intestinal tract dysfunction.38 Newborn and
premature infants are very sensitive to diet
osmolality and administration rate, and do
not tolerate concentrations greater than
10% w/v. Because of their high fluid
requirements, however, this diet, which pro
vides 0.4 cal/m l and nitrogen 2.4 mg/ml
can bring about positive caloric and nitro
gen balance. Older children tolerate solu
tions up to 25% w/v. Indications for use
include pediatric patients with massive small
bowel resection, exocrine pancreatic insuf
ficiency, fistulas of the gastrointestinal
tract, malabsorption, food allergies and
inflammatory bowel disease.
In June 1972 Gurd et al10 reported
their clinical experience with 30 patients,
including 18 with fistulas of the gastroin
testinal tract. They obtained positive nitro
gen balance and good nutritional recovery
in a wide variety of clinical situations, but
reported the best results in patients with
fistulas, pancreatitis, inflammatory bowel
disease and short bowel syndrome.
A recent report by Bury, Tumier and
Randall20 also illustrates the value of such
diets in the nutritional management of pa
tients with inflammatory bowel disease, and
indicates their potential usefulness in the
preoperative metabolic and nutritional re
habilitation of such patients.

J

F ormulation and U tilization
E lem en ta l D iets

of

Current options in intravenous surgical
nutrition range from intravenous baseline
carbohydrate, through fortified parenteral,
to high caloric parenteral alimentation. En
teral feeding programs now progress from
elemental diets through modified or blenderized diets to normal food intakes.20
The composition of some presently avail

able diets is given in Tables I to III. Codelid
diets (Schwarz/Mann) have been recalled
from the commerical market. Regular Vivonex diet (Eaton Laboratories) in several flav
ours has been available for about two years,
and a high nitrogen Vivonex is now mar
keted. In Canada, Flexical diets are now
available (Mead Johnson Canada). The
carbohydrate source in Codelid diets is
sucrose, that in Vivonex diets mainly glu
cose, and in Flexical a combination of
sucrose and oligosaccharides. Because
starch hydrolysate has recently been substi
tuted for a percentage of glucose in Vivonex
diets, the osmolality of a mild orange 25%
w /v solution has been lowered to 80 mOsm/
I, it would be substantially higher than that
of the sucrose diet if glucose were the only
carbohydrate source. The nitrogen content
of Vivonex 100 series is too low to provide
adequate protein intake in a debilitated or
traumatized patient at therapeutic caloric
intakes and for this reason Codelid diets
have been more extensively used in our
hospital. Flexical diets also have a protein
content that is borderline for catabolic pa
tients.
The amino acid composition of the diets
is shown in Table II. At caloric intakes of
2,500 cal/day the essential amino acid
requirements and the essential:non-essen
tial ratios suggested by Rose21 are ex
ceeded. However, as the requirements for
essential amino acids may be increased in
traumatized and septic patients this would
appear to be a safe level.
A nitrogen:non-protein caloric ratio of
1:150 has been recommended by Moore22
and others, and this ratio is best met by the
Codelid or high nitrogen Vivonex diets.
Diets are made into a clear solution, or
a stable suspension if they contain fat, by
addition of distilled water to a weighed
amount of diet powder to make the desired
weight/volume composition, for example
250 g of diet made up to one litre with
water constitutes a 25% w/v solution and
gives approximately 1 cal/ml. Storage of
refrigerated reconstituted diets for more
than two days is not recommended.
Because these diets are chemically for
mulated from simple compounds, they re
quire little digestion and are virtually bulk-
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free. However, it must be remembered that
intraluminal digestion of ingested carbo
hydrate normally proceeds only as far as
small dextrins, maltotriose and the disac
charides, lactose, sucrose and maltose.-"
Further hydrolysis takes place at the brush
border of the intestinal epithelial cell and
the released monosaccharide is transported
across the cell. Intraluminal digestion is
very rarely the rate-limiting factor in the
overall process of carbohydrate digestion
and absorption, although there is at least
a theoretical advantage in the diets in exo
crine pancreatic insufficiency.
Intraluminal protein digestion is much
more complete than that of carbohydrate.
2 4. 2 5 Most ingested protein is absorbed by
the intestinal cell as amino acids. H ow 
ever, peptidase activity has been identified
both at the brush border of the intestinal
cell and within the cell. A d ib i-6 has recent
ly shown that some peptides such as glycylglycine are absorbed intact, then hydro
lyzed intracellularly; the dipeptide is more
rapidly absorbed than the constituent amino
acids. The optimal form of the protein in
elemental diets has yet to be established.
Because presently available diets are totally
or virtually fat-free, micelle formation is
not required and such diets are definitely
better absorbed than normal foodstuffs in
conditions associated with fat malabsorp
tion. Flexical diets contain part of their
fat content as medium-chain triglycerides,
which are absorbed directly into the portal
circulation.
The main advantages of chemically de
fined diets may be summarized as:
(1) The elimination of risk of sepsis from
intravenous catheters.
(2) Greater leeway in the use of vitamins,
minerals and trace elements.
(3) A precisely defined intake is possible,
facilitating documentation of caloric in
takes and balance studies.
(4) Many diets, because they use syn
thetic pure L-amino acids as their protein
source, are non-allergenic and potentially
useful in cases of food allergies and other
immune phenomena.
(5) Diets require little digestion and are
well absorbed by many patients with mal
absorption syndromes.

(6) Preliminary studies, both clinical and
laboratory, suggest that these diets afford
minimal stimulation of pancreatic, biliary
and small intestinal secretions, so that they
are useful in conditions such as pancreatitis
and alimentary fistulas where “ bowel rest”
is desired.
The main disadvantages are:
(1) Tube feeding is often required to
deliver the high osmotic load at a continu
ous rate in order to minimize problems of
gastric retention and bowel irritability, and
because problems of diet palatability have
not been completely overcome.
(2) Some patients experience nausea,
bloating and diarrhea upon introduction
of diets, probably because of gastrointestinal
sensitivity to the high osmotic load and a
too aggressive initial approach.
(3) A critical amount of functional small
bowel must be present for brush border
hydrolytic activity and cellular transport
of nutrients. As a rule of thumb, the diets
are well absorbed if 100 cm of functioning
small bowel is present distal to the site of
instillation of the diet.
Method of diet administration must be
adapted to the clinical situation present.
Oral Administration
Flavoured diets (Flexical or Vivonex
series) at approximately 1,800 cal/day are
reasonably well tolerated as frequent small
feedings for a few days, or as a supplement
in amounts of less than 1,000 ml/day over
much longer periods. Twenty-five per cent
w/v concentration is the maximal osmo
lality usually tolerated by mouth. Frequent
feedings of small amounts minimize gastro
intestinal distress. Most patients prefer the
diet cold or even “ on the rocks’ .
Intragastric Administration
In most cases the diets are fed intragastrically via a small no. 8 French naso
gastric feeding tube or into a gastrostomy
if one is available. Constant infusion over
16 to 24 hours a day is important. Slow in
crease o f osmolality, then of volume, allows
eventual caloric intakes of 4,000 cal/24
hr or even higher. With diet concentration
of 25% w/v or more, additional water is
allowed if the patient is thirsty and able
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to drink, or must be added in other patients
to prevent osmotic diuresis and dehydration.

Small Bowel Administration
In patients with gastric or duodenal fis
tulas, disruption of anastomoses, and in
other selected cases, direct small-bowel
feeding is desired. This may be accom
plished via a long transnasal tube directed
beyond the ligament of Treitz or through
a jejunostomy. It must be emphasized that
100 cm of normal functioning small bowel
distal to the point of infusion is required
for absorption of the diet. Initial w /v con
centrations should be no higher than 10%
to 15%. Osmolality is gradually increased
at a rate dictated by the patient’s tolerance.
Case 1.— W. W., a 66-year-old man, had
an emergency gastrectomy for upper gastro
intestinal bleeding. Reoperation was necessary
within 24 hours because of continued bleeding.
On the sixth postoperative day a duodenal
fistula became apparent, discharging from an
operative drain site. High caloric parenteral
feeding was immediately instituted. A feed
ing jejunostomy was performed and on the
eleventh postoperative day 10% w/v Codelid
diet was introduced via the jejunostomy at 40
m i/hr and osmolality and infusion rate were
gradually increased over several days to 3,600
cal/day in 3,600 ml. The diet was supple
mented with NaCl and KC1 to cover the large
electrolyte losses in the fistula drainage.
The diet was continued over 44 days during
which time the patient’s weight remained
stable, serum proteins rose from 5.4 g to 6.3
g/100 ml and the fistula gradually closed.
Balance data (Fig. 3) show that sodium and
potassium balances were positive for the
first 25 days when the diet was supplemented,
but periods of negative potassium balance re
sulted when additional potassium was omitted.
Positive nitrogen balances of up to 11 g/day
were achieved with nitrogen intakes of up to
24 g/day, but losses from the skin and other
possible sites were not recorded. In this patient
the jejunostomy allowed gastrointestinal tract
feeding distal to the fistula and over 3,000 cal
and 18 g of nitrogen per day were given by
this route.
Case 2. A. C., a 48-year-old woman,
presented with mild rectal pain and bleeding;
eventually a necrotic ulcerating perineal lesion
developed for which a defunctioning colostomy
was performed. Periodic diarrhea persisted and
her weight fell from 115 to 63 lbs.
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Fig. 3.—Case 1. Caloric intake is recorded as
an average during three-day blocks, as are nitro
gen, potassium and sodium balances. Electrolyte
balances were positive in the first 25 days when
the diet was supplemented with NaCl and KCJ.
r-4

S'

HOSPITAL DAYS

Fig. 4.—Case 2. Balance data showing daily
caloric intakes of between 3,000 and 5 000 cal
and progressive weight gain during the second
period of diet administration. Potassium and
nitrogen balances are markedly positive.
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She was admitted to Rhode Island Hospital
with severe malnutrition and large perineal
and pericolostomy ulcerations. Her hemo
globin was 8.2 g / 100 ml and her total serum
proteins were 4.4 g/100 ml with a serum
albumin of 2.0 g/100 ml. A high caloric
parenteral regimen was instituted immediately
and several days later intragastric elemental
diet feeding was accomplished by transnasal
passage of a no. 8 French feeding tube. Diet
was begun at 25% w./v and gradually in
creased to 50% w /v (with oral water ad
libitum) without producing diarrhea. For over
five weeks this patient received between 3,500
and 4,000 cal/day and nitrogen 18 to 25
g/day, resulting in markedly positive nitrogen
balance (Fig. 4). Although there was no
weight gain during this initial period, her
serum proteins increased from 4.4 to 8 g/100
ml with a rise in albumin from 2.0 to 2.8
g/100 ml. All ulcerated areas began granulat
ing and clinical evidence of activity of her
inflammatory bowel disease was no longer
present. By giving a combination of elemental
diet and regular foods her daily intake in
creased to 5,000 cal/day and her weight rose
from 63 to 93 lbs. Serum electrolytes and
results of liver function tests remained within
normal limits. A total colectomy was then per
formed. The patient had a smooth postopera
tive course and was discharged from hospital
on the thirteenth postoperative day. Diagnosis
on discharge was granulomatous colitis with
cutaneous ulceration.
This case illustrates the importance and
effectiveness of adequate nutritional manage
ment in the preoperative period. Such a
regimen will frequently convert a debilitated,
serious-risk patient into a good surgical can
didate, lowering postoperative morbidity and
accelerating convalescence.
Case 3.—J. P-, a white male infant, was
admitted to the hospital at 4 months of age
because of diarrhea, vomiting and failure to

«,
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Fig. 6.—Case 3. Balance data, with total nitro
gen and potassium balances as 24-hour averages
calculated from 72-hour periods. Also shown are
daily caloric intake and weight gain.

thrive since birth (Fig. 5). Extensive hospital
investigation revealed a malabsorption syn
drome with low serum carotene, decreased
xylose absorption and increased stool fat.
Over almost five months numerous changes
of diet, a course of antibiotics and pancreatic
enzymes, and removal of all milk products
from the diet failed to accomplish significant
weight gain. On the one hundred and fiftysixth hospital day he was begun on a 20%
w /v concentration of elemental diet (Codelid)
and caloric intake was progressively increased
from 70 to 125 cal/kg/day. Metabolic balance
studies were attempted. The recorded positive
balances of 1 to 3 g/day of nitrogen (Fig. 6)
are probably an overestimation owing to uncap
tured urine losses, but the impressive and
gradual weight gain of over 3,000 g (average
27 g daily) suggests a positive nitrogen bal
ance of over 1 g/day. There was no clinical
evidence of fluid retention. Body length in
creased from 59 to 70 cm and this was accom
panied by increased activity, co-ordination,
alertness and responsiveness (Fig. 7).
This child is one of three cases of non
specific malabsorption who have retained the
diet well, with progressive increases in body
weight and improved or stable blood chem
istries. All three infants were later able to
take regular diets with no return of the mal
absorption syndrome.
C um ulated C linical E xperience
W ith E l e m en ta l D iets

Fig. 5.—Case 3. A 10-month-old male infant
who had gained only 960 g since birth owing to
a malabsorption syndrome of unknown etiology.

Over the past three years chemically
formulated diets have been used at the
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diets as a supplemental caloric source only,
27% were fed the diet only from zero to
four days, 34% from five to 29 days, and
21% for over 30 days. In all, 88 patients
received chemically defined diets as their
sole or major source of nutrition for five
days or more. Balance studies were done
on over 25 patients.

,. f

7-“ J h<; same infant as in Fig. 5 after
11 days of elemental diet therapy supplying an
- - a g e of 125 cal/kg/day. Total weight gain was
Rhode Island Hospital in a total of 164
patients whose age distribution is shown in
Fig. 8. This distribution probably reflects
the in-hospital population rather than any
selection by age.
Duration of diet therapy ranged from
several hours to over 11 months. Of the
total number of cases 18% received the
40

AGE

(Years)

. ,F!8' ^--Histogram of age distribution of a
total of 167 patients treated over a three-year
period (1968 to 1971) with chemically defined
diets.

In the majority of these patients the
diets were administered by nasogastric feed
ing tube, but in 28 patients the diet was fed
either via gastrostomy or directly into the nr
small bowel. Caloric intake while on the
diet varied widely according to patient
tolerance and estimated requirements, but
in adult patients averaged between 2,200
and 2,600 cal/day. The types of disease
states in which the diet was used are
■u
enumerated in Table V.
Aside from the balance data, there is
scattered information in this series sug
gesting occasional alterations in hepatic en
zyme levels, with a rise mainly in alkaline
phosphatase and SGOT. A study of the
effects of high intestinal amino acid loads
on intestinal and serum alkaline phosphatase
is presently in progress. In two cases of
pancreatic fistula a decrease in volume of
fistula drainage occurred during elemental
diet feeding, supporting the concept of
minimal stimulation of exocrine pancreatic
function. Initial results from the use of
isotope dilution techniques at the Rhode
Island Hospital suggest an increase in lean
body mass and no change or a decrease
in total body water in rehabilitated patients
who have gradually gained weight on diet
therapy.

' r " '4

The main guidelines to therapy are sim
ilar to those for high caloric parenteral
glucose and amino acid feeding. Vitamin
K is not present in the diets and supplements
are given routinely twice a week. Additional
vitamins may be added in individual cases,
insulin is almost never required except in
the frankly diabetic patient. Dietary caloric
intake must be increased slowly over ap
proximately five days to avoid gastroin
testinal symptoms. The main complications
associated with dietary therapy noted in our
series of patients are listed in Table VI.
In addition, seven patients had gastroin
testinal bleeding while on diet, but no causal

i
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TABLE V —T ypes

of P atients T reated O ver
T hree Y ears

A. Diseases of the gastro
intestinal tract
Inflammatory bowel disease
Carcinoma of gastro
intestinal tra c t.....................
Short bowel syndrome........
Fistulas of the alimentary
tract....... ..............................
Pancreatitis..........................
Malabsorption (usually

children).................. .

■■

Delayed postoperative GI
function...................... .
Vascular or radiation disease
of small bowel..................

% of
total
Number no.
14
23
17
6

10
4

29
4

17
2

8

5

2

1.2

6

4

16
19
11

10
11
7

8

5

B. Accelerated metabolic states:
with reduced or inadequate
intake
Long-bone fractures............
Burns....................................
Sepsis (as major factor)
C. Normal gastrointestinal
function with inability to
eat or digest normal foods
Carcinoma other than
gastrointestinal....................
Chronic malnutrition..........
Coma....................................
Neuromuscular or neurosur
gical disorders......................

D. Incidental uses
Bowel preparation for operation or radiography
As a non-allergenic source of food (given in pe
diatric cases for this reason occasionally)
As a dietary supplement
____________

of clinical situations. However, their use
requires some function of the gastrointes
tinal tract and it is often impossible to pre
dict how well they will be tolerated and
absorbed by an individual patient.
One of the situations in which these diets
have proved most useful is patients with
fistulas of the gastrointestinal tract if at
least 100 cm of healthy small bowel is
present distal to the feeding site. The diets
provide a readily absorbable and bulk-free
source of nutrients for patients with inflam
matory bowel disease, and with improved
nutrition activity of the disease often de
creases. Out-patient use of these diets is
feasible and long-term usage therefore is
not necessarily restricted to in-hospital pa
tients.
If decreases and changes in fecal flora
are confirmed, and at present the evidence
is still fragmentary, usage in such conditions
as stagnant loop syndrome and hepatic fail
ure may be valuable. Presently, a prospec
tive randomized study is in progress at the
Wellesley Hospital, Toronto, Ontario, to
evaluate diet usefulness, or superiority over
TABLE V I.—Complications*
Complication
Gastrointestinal complaints
Nausea..........................
Vomiting.......................
Diarrhea........................
Abdominal cramps. . . .
Abdominal distension..

No.
of cases Percentage
15
6
11
5
5

3
relationship could be established and this
6
is probably no higher than the incidence
3
5
of gastrointestinal bleeding in any group Aspiration.........................
of severely ill patients. A skin rash devel Pneumonia while on diet. .
3
5
oped in two patients, but again this was
Fluid and electrolyte
not definitely diet-related.
problems
.
,
Postmortem examination of 24 patients
Excessive fluid gain —
•?
*
who were fed elemental diets prior to death
Hypertonic com a.........
1
.Hyponatremia..............
revealed no increased incidence of pancre
Hyperglycemia.............
f
z
atic fibrosis or fatty metamorphosis of the
Dumping.......................
1
liver, as compared to a control group of pa
tients with similar disease states. The inci Other
Increased fistula
dence of pancreatic fibrosis in both groups
drainage........................
“
Arrhythmia................... ................£______
was about 50% and was probably second
*Seven patients bled while on diet, but no causal
ary to malnutrition.

Summary

Experience at the Rhode Island Hospital
with chemically defined diets over a threeyear period confirms that these diets can
provide adequate nutrition in a wide variety

relationship could be established and this is prob
ably no higher than the usual rate of gastrointestinal
bleeding in a sick in-hospital population. Two pa
tients developed a skin rash; in one there was ,3
definite history of allergy and skin eruptions, ini the
other there was not. Again, this was unlikely to be
diet-related and in the latter patient the rash sub
sided while diet was continued.
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clear fluids, for preoperative colon prepara
tion.
For those patients with the willingness to
ingest and ability to digest a regular diet
such chemically defined diets are most
useful as an intermediary stage between
high caloric parenteral feeding in a patient
with a non-functioning gastrointestinal tract,
and taking normal meals.
Figures 1, 2, 3, 5, 6 and 7 are reproduced by
permission of the authors and the American Jour
nal of Surgery. ” • 16>18

R eferences

1. D udrick SJ, W ilmore DW, Vars, HM, et al:
Long-term total parenteral nutrition with
growth, development and positive nitrogen
balance. Surgery 64: 134, 1968
2. S enior JR: Place of medium-cain trigly
cerides. Am J Med Sci 257: 75, 1969
3. G reenstein JP, Birnbaum SM, W initz M,
et al: Quantitative nutritional studies with
water-soluble chemically defined diets. I.
Growth, reproduction and lactation in
rats. Arch Biochem Biophys 72: 396, 1957
4. Winitz M, G raff J, Seedman DA: Effect
of dietary carbohydrate on serum choles
terol levels. Arch Biochem Biophys 108:

576, 1964
5. Shapiro R, R osenthal NA, G old BK: Stud
ies on cause of hemorrhagic syndrome in
rats fed water-soluble chemically defined
diet. J Nutr 97: 389, 1969
6. L evenson SM, K an D, G ruber C, et al:
Hemolytic anemia and pancreatic acinar
atrophy and fibrosis conditioned by “ele
mental” liquid diets and ordinary intestinal
microflora. Ann Surg 174: 469, 1971
7. Brown RA, T hompson AG, McArdle AH,
et al: Alteration of exocrine pancreatic
storage enzymes by feeding on elemental
diet: biochemical and ultrastructural study
Surg Forum 21: 391, 1970
8. C ouch RB, W atkin DM, S mith RR, et al:
Clinical trials of water-soluble chemically
defined diets. Fed Proc 19: 13, i960
9. Winitz M, Seedman DA, G raff j ’: Studies
in metabolic nutrition employing chemically
defined diets. I. Extended feeding of nor
mal human adult males. Am J Clin Nutr

10. Winitz M, A dams RF, Seedman DA, et al:
Studies in metabolic nutrition employing
chemically defined diets. II. Effects on gut
microflora populations. Ibid, p 546
11. I hompson WR, Stephens RV, R andall HT,
et al: Use of “space diet” in management
ot patient with extremely short bowel syndrome. Am J Surg 117: 449, 1969
12. Belin RP: Use of Vivonex 100 in pediatric
surgery. Paper presented at International
Symposium on Balanced Nutrition and
, i , , Therapy, Nuremberg, April 1970
13. M cK ean CM: Long term effects of chem
ically-defined diets on ambulatory phenylKetonurics and bedridden, severely retarded
patients. Ibid
14. M acD onald I: Effects of amino acid-carbohydrate diet on fasting serum lipid levels
Ibid
15. Stephens RV, R andall H T: Use of concen
trated, balanced, liquid elemental diet for
nutritional management of catabolic states
Ann Surg 170: 642, 1969
16. Bury KD, Stephens RV, R andall HT- Use
of chemically defined liquid, elemental
diet for nutritional management of fis
tulas of alimentary tract. Am J Sure 121174, 1971
17. D uke JH, K inney JM, Broell JR et alMetabolic evaluation of high caloric ali"ient7 4 Oni 97 0SUrgical Patients- Sur8 Forum
18. Stephens RV, Bury KD, D eL uca FG, et al:
Use of elemental diet in nutritional man
agement of catabolic disease in infants
Am J Surg 123: 374, 1972
19. V oitk AJ, Brown RA, M cA rdle AH, et al:
Clinical uses of elemental diet—prelimi"972 stu<^'es- Can Med Assoc J 107: 123,
20. Bury KD, T urnier E, R andall HT: N utri

21.
22.

-3.
24.

25.

tional management of granulomatous colitis
H18 1972 621 ulceration- Can J Sur8 15:
R ose WC: Amino Acid Requirements of Adult
Man. Nutr Abstr Rev 27: 631 1957
M oore FD: Metabolic Care of Surgical Patlent> Philadelphia, Saunders, 1959
Randall HT: Nutrition in surgical patients
„ Am 1 Surg 119: 530, 1970
G ray GM: Carbohydrate digestion and ab
sorption. Gastroenterology 58: 96 1970
G ray GM, C ooper HL: Protein digestion
^971 a*=>sor^>^^on* Gastroenterology 61: 535,

26. A dibi S: Intestestinal transport of depeptides

m man: a potentially important mechanism
for amino acid absorption. Gastroenterology
60: 37, 1971 (Abstract)
Sy

HEPATIC ARTERY LIGATION

May 197U

135

SURVIVAL AFTER HEPATIC ARTERY LIGATION: PRESENT
CONTROVERSY AND RATIONALE OF MANAGEMENT,
W IT H A CASE REPORT*
JOEL W. BAKER, JR.. M.D., ANTHONY p- CHAN, M.D., F.R.C.S.[C] and
FRANK H. ANDERSON, M.D., F.R.C.P.[C], Vancouver, B.C.
Summary: A number of surgical procedures for
treating a hepatic artery aneurysm are described
in the literature. There has been reluctance to
ligate the hepatic artery for fear of causing he
patocellular necrosis, but recent reports suggest
that the mortality may not be as high as ini
tially thought. This paper discusses the physio
logical aspects of hepatic circulation and the
management of a hepatic artery aneurysm in a
52-year-old man by ligation of the hepatic
artery.
Resume: On trouve dans la litterature la des
cription de plusieurs techniques chirurgicales
pour traiter I'anevrysme de I'artere hepatique.
On avait toujours hesite a ligaturer I'artere he
patique, de crainte de provoquer une necrose de
la cellule hepatique, mais de recents rapports
estiment que la mortalite decoulant de cette
methode pourrait bien n'etre pas aussi forte
qu'on le croyait jusque-la. Le present article
passe en revue les aspects physiologiques de
la circulation hepatique et expose le traitement
d'un anevrysme de I'artere hepatique par liga
ture de cette artere chez un homme de 52 ans.

I t has long been taught that ligation of the
hepatic artery distal to its gastroduodenal
branch jeopardizes the patient’s life. How
ever, reports of survival after such ligation
are accumulating in the literature. The fol
lowing case is a documented example.
Changes in hepatic blood flow after ligation
of the hepatic artery and postoperative man
agement are discussed.
C ase R eport
A 52-year-old man was admitted to the
Vancouver General Hospital with a four-day
history of abdominal pain and icterus. He had
known rheumatic mitral valvular disease and
four months before admission he had been
hospitalized because of acute bacterial endo
carditis. On this occasion clinical manifesta
tions had included petechiae, hematuria and
*From the Departments of Surgery and Medicine,
The University of British Columbia and the
Vancouver General Hospital, Vancouver, B.C.
Reprint requests to: Dr. Frank H. Anderson, De
partment of Medicine, The Vancouver General
Hospital, Vancouver, B.C. V5Z 1M9.

Fig. I.—Preoperative percutaneous transhepatic
cholangiogram.
transient monoplegias. Results of liver func
tion tests were normal. Penicillin-resistant
Staphylococcus aureus was cultured from his
blood and he was treated with methicillin for
two months. After discharge he was restarted
on prophylactic benzathine penicillin G.
At the time of admission the patient com
plained of crampy, generalized abdominal
pain. Abnormal findings included icterus, he
patomegaly, pale stools and dark urine. He
was afebrile and no abdominal bruits were
heard. Results of liver function tests were
consistent with obstructive jaundice except for
a prothrombin time 100% of normal. A percu
taneous transhepatic cholangiogram showed
partial obstruction of the common hepatic duct
with gross dilatation of the intrahepatic ducts
(Fig. 1). At laparotomy a 3-cm, smooth, pul
satile mass was found partially embedded in
the liver parenchyma at the porta hepatis. An
arteriogram via the hepatic artery showed an
aneurysm at the bifurcation of the common
hepatic artery (Fig. 2). A diagnosis of mycotic
aneurysm was made. Because of the location
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weeks after the operation selective celiac axis
arteriography showed filling of multiple, me
dium-sized arteries throughout the liver and
no filling of the common hepatic artery (Fig.

^

D isc u ssio n

Fig. 2.—Operative hepatic arteriogram.

of the aneurysm the common hepatic artery
was ligated distal to the origin of the gastro
duodenal artery. Afterwards the aneurysm was
soft and without pulsations. The appearance of
the liver was unchanged.
Postoperative management consisted of the
administration of vitamins, glucose 550 g/day
intravenously, and continuous 60% oxygen
increased intermittently to 100% . Oral feed
ings were withheld for eight days. Penicillin G
was continued and chest physiotherapy admin
istered. Serial liver function tests showed a
steady fall to normal of the bilirubin and alka
line phosphatase. The SG O T also fell to nor
mal but rose transiently to 408 I.U ./l on the
eighth postoperative day. A T-tube cholangiogram on the eleventh day showed a return to
near normal size of all hepatic ducts. Four

Fig. 3. Postoperative selective celiac axis arte
riogram.

The mortality rate after hepatic artery
ligation has been steadily decreasing. There
are several explanations for this. In the
early reported cases some patients had underlying hepatocellular disease, antibiotics
were less effective, blood transfusions were
not available, and less was known of respira
tory care and the metabolic responses to
operation.1 Although many of these prob
lems have been solved, it is still generally
thought that the liver cannot survive sudden
occlusion of its primary arterial supply.
While this case and others recorded in the
recent literature are isolated examples illustrating that some livers do survive, there are
physiological reasons why a normal liver
might be able to survive. First, in any group
of patients the pattern of arterial supply to
the liver is variable. Only 5 5 % of patients
have the normal pattern, in which arterial
blood comes wholly from the hepatic artery.
In 21 % one or the other of the lobar arteries
arises from a source other than the celiachepatic trunk. Common sources include
the left gastric, gastroduodenal and superior
mesenteric arteries. In 17% of patients accessory hepatic arteries exist. The most
common of these is the left accessory hepatic from the left gastric artery,- and this one
was present in our patient (Fig. 3 ).
The second reason is that the arterial
blood is but one of two sources of oxygenated blood to the liver. The other source is
the portal blood. While the latter is said to
supply 65% of afferent hepatic flow and
53% of the consumed oxygen, these figures
are averages calculated from data containing wide variations.3 In survivors, therefore,
portal blood before ligation may have contributed significantly more than half the
oxygen consumed. But no matter what the
preoperative portal oxygen contribution
might be, with occlusion of the hepatic
artery, portal oxygen extraction immediately
increases. This is thought to be the most im
portant mechanism preventing anoxic necrosis early after ligation.3
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HEPATIC ARTERY LIGATION

The third possible explanation for sur
vival is the development of collateral cir
culation. This is controversial. Some authors
say development occurs,2’ 4 0 others say it
does not.1, 7-0 Those who say it does not
have demonstrated that hepatic arteries are
end-arteries with no intrahepatic anasto
moses between them. Those who say it does
have demonstrated many collateral sources
of blood and also evidence of intrahepatic
anastomoses between liver arterioles. Re
cently the presence of collateral circulation
after hepatic artery ligation has been docu
mented by both angiography5 and gross
dissection.4 Bengmark and Rosengren5 have
demonstrated in man that within four days
of ligation collateral circulation is sufficient
to fill both right and left hepatic arteries.
The collateral sources of blood have been
described by Michels.'-' Routes of communi
cation pre-exist in the capsular ligaments,
falciform ligament, ligamentum teres and
along the bile ducts. Routes develop with
in adhesions to adjacent organs.5
The primary objective of postoperative
management is to deliver a maximal amount
of oxygen to the liver parenchyma. Thera
peutic measures are grouped into three cate
gories: (1) those assuring a maximal amount
of blood reaches the liver; (2) those increas
ing the oxygen content of this blood, and
(3) those keeping the amount of oxygen re
quired by the liver to a minimum. With
respect to the first, the patient was kept
well hydrated in order to avoid low flow
through the portal vein and any other exist
ing afferent vessels. The oxygen content of
the blood was increased by administration
of high concentrations of oxygen. By this
means oxygen tensions of 390 mm Hg were
obtained. How effective such levels are in
preventing anoxic necrosis is unknown.
Hyperbaric oxygen has been shown to in
crease survival in dogs10 when arterial oxy
gen tensions greater than 2,000 mm Hg are
attained. The oxygen tensions provided in
our patient were only one-fifth these, but
without knowing what level of oxygen ten
sion prevents ischemic necrosis, it seemed
reasonable to give maximum oxygen by
available methods. Fasting was prolonged
with the object of increasing the oxygen
content of the portal blood.11 In theory, if
the intestinal cells are at rest they will ex

tract less oxygen and the portal venous
blood will contain that much more. Recent
portal flow studies in the human, however,
suggest that glucose in the intestine in
creases portal flow.12 This might more than
compensate for decreased oxygen saturation
due to intestinal metabolism. Lastly, special
attention was directed at preventing inflam
mation and infection since the existence of
these anywhere in the body increases the
rate of liver metabolism and thus the liver s
oxygen requirement. The only antibiotic
used was penicillin and this for prophylaxis
because of the patient’s previous rheumatic
heart disease and bacterial endocarditis.
While antibiotics after hepatic artery liga
tion have increased survival rates in dogs,13
this has not been demonstrated in humans.
The reason may be that canine bile is nor
mally contaminated with Clostridium welchii, whereas human bile is usually sterile.
Su m m a r y

It is becoming apparent that some pa
tients with no intrinsic liver disease can
survive ligation of their hepatic artery. Rea
sons include the pre-existence of aberrant
hepatic arteries, increased portal oxygen
extraction, and the development of colla
teral circulation. The essence of postoper
ative management is the assurance of a
maximum oxygen supply to a liver whose
oxygen requirement is reduced to a mini
mum. A documented case of survival is
presented.
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an emerging problem.
•
‘Our experience with this series
of- seriously
ill patients provides clinical confirmation to
complement recent in vitro evidence that
clindamycin is the antibiotic of choice for
use in bacteroides infections. Not only was
the response in 17 of the 18 patients favour
able, but in several it was dramatic.”

snecie^ are
arp often over
nvor. “ n ..r ----------------- .1 •
“uBacteroides
Bacteroides species
looked as a cause of serious infec
tion both by clinicians and micro
biologists. They are most commonly
associated with intra-abdominal
and pelvic sepsis following gastro
intestinal surgery.”

Tracy, O., et al. (29 Jan.’72).
Brit. med. J.,p.280.

Haldane, E. V. and van Rooyen, C. E (1972)
C.M.A.J.,p.1177.

Subphrenic Abscess - surgical removal and drainage
Irrthe illustration the surgeon is preparing to remove a right
' subphrenic abscess. The patient is in the nephrectomy position,
*
and the surgeon is about to make the initial incision. He wijl
r
manually explore the right extra-peritoneal space. Wheft the
abscess is encountered, the finger will be pushed firmly through
f - the wall and the pus evacuated with a sucker. Before closing,
a dfain is placed and brought out through a separate stab wound
,_,bi6How the main incision.

.bacteroides infection

M • I.M. injection or I.V. infusion
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• well tolerated locally and systemically following I.M. injection
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ILEAL BYPASS AND CHOLESTEROL ABSORPTION*
A. W. BARICHELLO, M .D., F.R.C.S.[C],f Saskatoon, Sask.
Summary: In rabbits subjected to ileal bypass
it was found that cholesterol absorption was
decreased to a degree that depends on the
amount of cholesterol ingested. This finding is
contrary to that of other workers. The author
established that only 11% of the small intestine
is bypassed by the operation performed in the
course of this study.
Resume: Nous avons constate, chez des lapins
ayant subi un court-circuit de I'ileum, que
I'absorption du cholesterol avait diminue et
etait fonction de la quantite de cholesterol ingeree. Cette constatation contredit celle emise
par d'autres chercheurs. Nous avons etabli
que I'operation pratiquee au cours de la pre
sente etude n'avait mis hors circuit que 11%
du grele.
B u c h w a l d and Gebhard1 introduced ileal
bypass as a method for lowering absorption
of ingested cholesterol, thereby reducing
blood serum cholesterol levels. This meth
od has been successfully applied to rabbits,
L3 dogs,4 pigs,2 monkeys’’ and even
man.6’ 7
The author used this method to deter
mine whether in rabbits there is a relation
ship between the amount of cholesterol in
gested and blood serum cholesterol levels
when the distal part of the ileum is by
passed.
This study constitutes part of a larger
experimental project carried out at the
Department of Anatomy of the University
of Saskatchewan over several years. Results
of experiments closely related to the present
study have been published elsewhere.8
M a t e r ia l s a n d M e t h o d s

The rabbits were fed a standard commer
cial diet0 in pellet form ad libitum. Choles
terol in doses of 300 mg or 600 mg, in
gelatine capsules, was given at the same
time daily for six days a week. Blood serum
* Supported by the Saskatchewan Heart Founda
tion and Medical Research Council of Canada
Grant M A -1957 to Dr. S. Fedoroff.
fSurgical Research Fellow, Department o f A na
tomy, University of Saskatchewan, Saskatoon,
Sask.
Reprints requests to: Dr. S. Fedoroff, Depart
ment of Anatomy, University of Saskatchewan,
Saskatoon, Sask.

cholesterol levels were determined weekly
by the method described by Bowman and
Wolf.10
The small intestine was bypassed by
making an anastomosis between a portion
of the ileum opposite the tip of the appen
dix and the cecum opposite the ileocecal
valve, in a side-to-side fashion, as de
scribed by Buchwald and Gebhard.1 The
animals were started on the experimental
diet not less than two weeks after the oper
ations.
Thirty-six young adult rabbits were div
ided into three groups of 12 each, depending
on whether or not they had cholesterol
feeding and/or ileal bypass. The total ex
periment lasted for 30 weeks and was
divided into two periods. In the first ex
perimental period cholesterol capsules were
given in the amount of one capsule of 300
mg daily, six times a week for 14 weeks.
During the second experimental period,
which lasted for 16 weeks, the daily dose
of cholesterol was increased to two cap
sules of 300 mg, six times per week.
To determine the length of the bowel in
normal rabbits, so we would know exactly
how much of the ileum is removed by
Buchwald’s bypass method,1 31 additional
rabbits were anesthetized with sodium
thiopental intravenously. The abdomen was
opened and the bowel was measured with
a calibrated string.
R esults

Table 1 summarizes some of the data
obtained from these experiments. In rab
bits that did not have ileal bypass but re
ceived cholesterol, the blood serum choles
terol rose when 300 mg or 600 mg of
cholesterol was fed. In the animals who
had ileal bypass but received no cholesterol,
as expected, blood serum cholesterol levels
remained low throughout the experiment.
However, in the group that had ileal bypass
and also received cholesterol, the blood
serum cholesterol levels rose but were lower
than in rabbits without ileal bypass but
which received cholesterol.
Table II shows the bowel measurements
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I ABLE I. E ffect of F eeding 300 mg and 600
mg C holesterol P er D ay * on the L evels of
B lood Serum C holesterol (M ean mg%) in
N ormal R abbits and R abbits W ith I leal
Bypass

was calculated on the basis that rabbits
were fed a diet containing 2% cholesterol.
Adults rabbits consume approximately
500 g of food each week, therefore
their diet would contain 10 g cholesterol
Serum cholesterol (mg%)
In rabbits with ileal bypass
a week. It should be mentioned that in
In normal
No. of rabbits fed
Buchwald's experiments the cholesterol
Not fed
Fed
weeks cholesterol
cholesterol
cholesterol
was mixed with the food, whereas in ours
0
the cholesterol was administered in capsule
90
84
62
2
394
49
61
form. Even so, his animals should have in
4
268
35
112
gested at least as much, and possibly consid6
163
55
108
8
148
erably more cholesterol than our rabbits.
65
125
10
241
60
121
This makes his results the more difficult to
12
319
35
153
explain. Our observation of a rise in cho
14
563
40
132
16
913
40
lesterol in rabbits with ileal bypass suggests
275
18
579
50
418
that
the reduced length of ileum is still able
20
880
62
544
22
563
to absorb sufficient amounts of cholesterol
58
589
24
868
46
417
to raise the blood level, and that the rise
26
672
32
548
depends on the amount of cholesterol in28
723
29
698
30
gested.
587
22
776
We also disagree with the statement of
’Daily am ount of cholesterol feeding changed at
14th week of experiment: 300 m g/day cholesterol for
Buchwald and Gebhard1 that 50% of the
first 14 weeks; 600 mg/day cholesterol for last 16
small intestine was bypassed. The appendix
weeks.
in rabbits is quite elongated and Buchwald
made on 31 adult rabbits with an average and Gebhard referred to the tip of the
weight of 2,640 ± 404 g. From the data appendix as marking the mid-point of the
it was calculated that the portion of the small intestine, i.e. that part of the ileum
ileum from the part lying opposite to the lying opposite the tip of the appendix is
tip of the appendix to the cecum repre the mid-point of the small intestine. Thus
sented 1 1% of the length of the small by anastomosing this part to the cecum,
intestine.
he calculated that 50% of the small intestine
was bypassed. Our measurements (Table II)
D iscussion
indicate that this portion constitutes only
The data indicate that ileal bypass in 11% of the length of the small intestine.
deed reduces cholesterol absorption, the This may explain why rabbits do not show
degree of this reduction depending on the severe metabolic derangements and weight
amount of cholesterol ingested; it was less loss after an ileal bypass by the Buchwald
when rabbits received 1.8 g cholesterol method. (Dogs4 and man11 showed severe
per week than when they received 3.6 g per weight loss when 30% of the small intestine
week. We were unable to confirm the ob was bypassed.)
Our work confirms the cholesterol-low
servations of Buchwald3 who found no rise
in blood serum cholesterol even when 10 ering effect of ileal bypass, though not to
g of cholesterol per week was given to the degree claimed by Buchwald3 and in
rabbits with ileal bypass. This amount dicates that the Buchwald method, as used
here, results in a bypass of only 11 % of the
length of the small intestine.
TABLE I I . - M easurements of S mall I ntestine
in

31 R abbits ((A verage B ody W eight : 2,640 ±
404 g)

Segment of intestine
measured

Length {cm)
mean ± SD

Small intestine (total)..................
Duodenum......................................
Ileum from a point opposite the
tip of the appendix, to the cecum

315 ± 34
69 ± 8
36 ±

4
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PITUITARY TUMOURS *
A. STUART MASON. M.D.. F
London , England

I f one is seeking a subject applicable to
the interest and practice of many medical
and scientific disciplines, a natural choice
would be pituitary tumours. Many types of
tumour may affect the pituitary gland, but
my remarks are confined to adenomas of
the anterior pituitary, with reference to the
craniopharyngioma which emphasizes the
functional link between hypothalamus and
pituitary; understanding of this link is neces
sary particularly when surgery of large
pituitary adenomas leaves the endocrinolo
gist to deal with a mixture of hypothalamic
and pituitary damage.
Techniques for visualizing pituitary tu
mours are now very sophisticated. Angio
graphy, pneumoencephalography and orbital
venography make it possible to define with
exactitude the dimensions of a tumour. This
is essential if implantation of radioactive
material is contemplated, as tumour volume
and shape must be known for calculation
of radiation dosage. It is also of great value
to the surgeon in planning his line of attack.
But the techniques are unpleasant for the
patient and actually dangerous unless the
state of pituitary-adrenal function is known
and deficiencies are remedied before radio
logical investigation is carried out. Tests of
hypothalamic-pituitary function are now
legion and every month new methods of
evaluation are introduced. So very many
diagnostic aids are possible. But if politics
is the art of the possible, then medicine is
the art of the beneficial. Grave matters
of judgment are concerned in the selection
of the most desirable investigations in the
individual patient. Endocrinologist’s klep
tomania should be resisted. The value of
any information obtained has to be weighed
against the discomforts and dangers of ob
taining it. However, our present knowl
edge of pituitary physiology and its aberra
tions with tumour formation is an invalu
able guide to the physician in his search

for, and interpretation of, physical signs.
For instance, the low plasma sodium of
hypopituitarism is due to water intoxica
tion and not to sodium loss, glucocorticoid
secretion being minimal while aldosterone
secretion continues. Water poisoning leads
to muscle stiffness and aching limbs, symp
toms often dismissed as being due to age.
The bizarre behaviour, morning nausea and
lethargy that may follow pituitary opera
tions indicate hypopituitarism rather thancerebral damage. The pallor or pigmentation
of the skin gives a valuable clue as to the
state of adrenocorticotrophic hormone
(ACTH) secrtion.
Broadly speaking, pituitary adenomas are
manifest either through symptoms of endo
crine dysfunction, or by the effects of expan
sion of the tumour itself. Again, in broad
terms, it is the younger patient who has en
docrine problems and the older patient who
experiences alterations of vision. Endocrine
dysfunction can often be detected clinically
in those whose main complaint is visual de
fect. But, as with any disease, what brings
the patient to the doctor may have nothing
to do with the diagnosis. Recently a 60-yearold truck driver attended for a routine med
ical check legally required for his licence to
drive. He was found to be virtually blind in
one eye owing to gross field defects caused
by a huge pituitary adenoma; he also had
biochemical evidence of severe panhypopi
tuitarism. On direct questioning he admitted
he had been well aware of symptoms attri
butable to his endocrine state and of his
blind eye, but he had paid no attention to
matters that he did not consider worthy of
complaint. This is medicine from life rather
than from the book.
A meaningful classification of pituitary
adenoma is difficult to achieve. For the mo
ment it is worth considering adenomas in
terms of hormone excess or deficiency.
Acromegaly, caused by growth hormone
excess, is a good example. Here the presence
* Adapted from the third Herbert A. Bruce Memo
of a pituitary adenoma is indicated by the
rial Lecture delivered at the Wellesley Hospital
Toronto, Ont., May 1972.
physical appearance of the patient. It is
fConsultant Endocrinologist, The London Hos the excess hormone secretion that has to be
pital, Whitechapel, London El IBB, England.
curbed rather than the actual size of the tu-
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mour. Indeed, of about 100 patients who
have consulted me with active acromegaly
not one has had gross visual field defects.
Most of these patients have been treated by
external irradiation (4,500 rads) and none
have later developed chiasmal compression.
Such conventional therapy may well limit
tumour growth, but its effects on growth
hormone secretion are far more dubious.
The use of serial growth hormone measure
ments during oral glucose tolerance tests
provides an accurate measure of tumour
activity. The majority of acromegalics treated
with external radiation show persistent hy
persecretion of growth hormone over many
years. Moreover, skin turgor, long consid
ered an important clinical sign of excess
growth hormone secretion, is diminished by
hypogonadism, despite high levels of plas
ma growth hormone, so that the pale softskinned hypogonadal male acromegalic
should not be mistaken for one whose pitui
tary tumour no longer hypersecretes.
In the clinical sense, acromegaly is the
most indolent of diseases. For years the pa
tient looks the same despite continuous high
levels of growth hormone. Organ response
matters as much as degree of hormone sti
mulus. This presumably accounts for such
sinister, but rare, complications as acrome
galic cardiomyopathy. However, routine
measurements of growth hormone at sixmonthly intervals do show some remarkable
rises and falls that suggest spontaneous va
riation and make evaluation of short-term
therapy very difficult. The tumour itself,
although it grows very slowly over many
years when left untouched, shows a sur
prising propensity for growth after partial
destruction. A series of 12 acromegalics,
treated by trans-sphenoidal hypophysectomy
without postoperative radiation, showed
great initial improvement with marked drop
in plasma growth hormone levels; yet two
years after operation all but two showed a
return to growth hormone excess. In the
same way the long-term results of yttrium
implantation get worse with time, so that
the recommended initial dose of radiation
has got higher and higher. It may well be
that destructive methods will only “cure”
acromegaly by producing permanent hypo
pituitarism instead. Spontaneous hypopi
tuitarism as a natural end to acromegaly is

143

exceedingly rare. Sometimes it is accom
plished by destruction of both the tumour
and normal pituitary by pituitary apoplexy.
Occasionally a growth hormone-secreting
pituitary tumour appears to arrest its own
progress. A 65-year-old woman, whose acro
megalic stigmata appeared between the ages
of 18 and 23, had never menstruated but
was found to have a high level of urinary'
follicle-stimulating hormone (FSH) (a nor
mal post-menopausal level), normal growth
hormone levels that could be suppressed
with glucose, and increased growth hormone
and cortisol secretion when challenged by
hypoglycemia.
Despite the rare case of acromegaly asso
ciated with suprasellar tumours, the picture
as a whole is consistent with an autonomous
tumour arising de novo in the pituitary. A
different situation may well exist in ACTHsecreting pituitary tumours. It is now well
established that pituitary-dependent Cush
ing’s syndrome is due to an inappropriate
secretion of ACTH, the plasma levels being
slightly but persistently raised during both
day and night. This pituitary ACTH secre
tion is not autonomous; it is increased by
metyrapone and decreased by high doses
of dexamethasone. After adrenalectomy it
may rise to extremely high levels, only
matched by some cases of ectopic ACTH
secretion. The homeostatic control of the
hypothalamic-pituitary-adrenal axis is dis
torted but not destroyed. The primary dis
turbance of function is probably excess
secretion of corticotrophin-releasing factor
(CRF) from the hypothalamus. This is pre
sumably enhanced by adrenalectomy and
responsible for the marked rise of ACTH
secretion; but it is in this situation that the
pituitary tumour is most likely to declare
itself by growing sufficiently large to cause
local pressure effects. It is reasonable to as
sume that CRF is a direct stimulus to pitui
tary cell growth and reproduction, provoking
neoplasia just as thyroid-stimulating hor
mone (TSH), in the experimental situation,
may induce thyroid tumours. Such a stimu
lus may also explain the tendency of these
ACTH-secreting tumours, unlike other pit
uitary adenomas, to become locally invasive,
causing third, fourth and sixth nerve palsies
by growing into the cavernous sinus.
It is difficult to generalize about pituitary
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function after adrenalectomy for Cushing’s
syndrome. Fourteen of 40 patients who had
no radiological evidence of pituitary tumour
prior to complete removal of both hyper
plastic adrenals have become markedly pig
mented with very high plasma ACTH levels.
Four only of these have shown radiological
signs of tumour growth and in one the ini
tial expansion of the pituitary fossa has not
progressed over 10 years. In some of the
pigmented patients the depth of pigmenta
tion has faded over the years; in one the
ACTH levels fell to normal and resumed
a circadian rhythm, and in another the cir
cadian rhythm became re-established at a
high level of ACTH, the midnight value be
ing 200 pg/m l and the early morning value
800 pg/ml.
In five cases subjected to radical subtotal
adrenalectomy (an operation now virtually
abandoned because of the high incidence of
relapsing Cushing’s syndrome, especially in
the young) the patient’s own pituitary was
not sufficiently active to maintain the sur
viving fragment of adrenal that responded
to exogenous ACTH. Presumably there was
no pituitary tumour formation in these cases
and the disorder of function must have
disappeared spontaneously.
It is also worth noting that whereas
growth-hormone-secreting tumours are often
associated with gonadotrophin deficiency,
normal pituitary function, including ovula
tory menstrual cycles, is the rule when
AC TH-producing tumours are present. A
more important practical point is that adre
nalectomy coupled with pituitary irradiation
appears to prevent the postoperative growth
of the pituitary tumour. Our present policy
after total adrenalectomy is to monitor the
plasma ACTH levels and use external pit
uitary irradiation if the levels rise.
Pituitary tumours recognized by hormone
excess rather than by local pressure effects
usually obey the rule of acidophil adenoma
for growth hormone and basophil adenoma
for ACTH. However, with classical stain
ing methods the so-called chromophobe tu
mour can be shown to produce excess
growth hormone, and the larger ACTHproducing tumours are usually chromo
phobe. Prolactin excess, often to be detected
by assay of plasma even when there is no
galactorrhea, is characteristically found with
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Fig. 1.—Electron micrograph of normal pituiU- TSH = thyrotrophic hormone-secreting cell,
GdTr = gonadotrophin-secreting cell, GH =
growth hormone-secreting cell, Mi = mitochondnf> Go = Golgi complex, Er =: rough surfaced
endoplasmic reticulum and Li — lipid granules
(reproduced by courtesy of Professor I. Doniach
and Journal of the Royal College of Physicians).

chromophobe tumours. The rare cases of
TSH and gonadotrophin-secreting tumours
have also been chromophobe in nature. If
we accept that each pituitary hormone is
secreted by a specific cell we must abandon
the colourful but meaningless classical stains
and any definition of tumour type that is
based on them. The hormone content of any
pituitary cell is indicated by a granular ap
pearance. This can be shown on light micro
scopy with the TriPAS stain that abolishes
false distinctions between chromophobe and
chromophil cells. Better still is electronmicroscopy which allows the hormonal gra
nules to be measured and counted. Fig. 1
shows a normal pituitary and its granules.
Prolactin granules are the largest, between
500 and 1,000 mp,, then comes growth hor
mone at 300 to 400 m^i, followed by ACTH
at 200 to 300 m/z, gonadotrophins at 150
to 240 m^u and, smallest of all, TSH at 100
to 150 m/z. Such granularity is found in
so-called chromophobe tumours (Fig. 2).
The nature and amount of hormone present
in any cell can be estimated by measuring
the size and number of granules present.
At present tumours are divided into those
that secrete too much hormone and those
that may or may not fail to secrete enough.
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response to provocation is unimportant to
the adult patient but vital to the child with
a tumour in the region of the pituitary.
If it is inaccurate to call these tumours
that cause chiasmal compression and vary
ing degrees of hypofunction, chromophobe
adenomas, because the chromophobe has no
specific existence; it is also a mistake to
call them inactive pituitary adenomas. They
do contain hormones and frequently can re
lease them. Therefore a reasonable title
would be “quiescent adenoma” in contrast
to the hyperfunctioning adenoma. Small
quiescent adenomas are found in about one
in 50 routine autopsies. Although histolo
gically similar pituitary tumours can be
produced in the experimental animal by
gonadectomy or thyroidectomy, there is no
good evidence that they grow in the human
in response to such stimuli. Granted there
are the very rare instances of this happen
ing, but these are exceptions that prove the
rule of autonomous growth. An important
point in their functional capacity is their
blood supply. We remain ignorant as to the
alterations of portal blood flow from hypo
thalamus to pituitary when the latter is dis
torted by the presence of such tumours and
as to whether the tumour itself receives its
main blood supply from the portal vessels or
the capsular ones. Obviously these matters
have a most significant bearing on endocrine
function in the tumour and the surrounding
gland. Both tumour and normal cells may
be deprived of effective hormonal control
from the hypothalamus.
The problem of therapy in patients with
quiescent adenomas is divided between re
placement endocrine therapy and preven
tion of visual failure. Any direct attack on
the tumour, be it by operation or radiation,
is likely to worsen the endocrine deficit.
Therefore such a therapeutic approach
should be reserved for those tumours that
are producing local pressure effects. The
smaller tumour can remain for many years
after initial radiological detection without
encroaching on the optic chiasm. In two
families with multiple familial endocrine
adenomatosis, none of the patients with an
enlarged pituitary fossa has shown any evi
dence of further pituitary expansion while
under observation for 15 years or more.
Fig. 2.—Electron micrograph of “chromophobe”
Provided visual fields are plotted carefully
pituitary adenoma, showing hormone granules.

When investigating the latter group, it is
important to realize that the function tested
represents the sum of activity of normal
and adenomatous pituitary cells. Even with
large adenomas the cells of the distorted
normal pituitary look healthy, despite being
spread like butter on the tumour surface.
Moreover, it is difficult to distinguish be
tween inherent failure of pituitary cells to
secrete and interruption of the necessary
hypothalamic stimulus. As an example, a
healthy 20-year-old girl whose only com
plaint was amenorrhea showed unexpected
radiological evidence of a large pituitary
adenoma, but plasma luteinizing hormone
and urinary FSH levels were within normal
limits; there was also a failure of ACTH se
cretion in response to hypoglycemia as in
dicated by low plasma cortisols throughout
the test. The picture was one of hypotha
lamic divorce from the pituitary, not of
primary pituitary failure. In this type of
tumour, which commonly presents at a later
age with visual failure, our experience has
matched that of others. Gonadotrophic
function is interrupted first, then growth
hormone secretion, followed closely by in
sufficient ACTH secretion and lastly by
failure of TSH. In the presence of normal
thyroid function the pituitary’s response to
thyrotrophin-releasing hormone is usually
normal, in contrast to the abnormal response
frequently found in acromegaly. This is of
interest, but not important to the patient.
Inadequate growth hormone secretion in
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every few months and show no impairment,
it is unnecessary to subject such patients to
the discomforts of pneumoencephalography.
Replacement hormone therapy is now
very effective and, indeed, lifesaving when
it comes to glucocorticoids. Careful clinical
appraisal in conjunction with laboratory in
vestigation is a better guide to appropriate
treatment than reliance solely on laboratory
results. In the case of human gonadotrophin
therapy to induce ovulation, clinical caution
may well deter the physician from attempt
ing this therapeutic miracle because, if the
much wanted pregnancy does occur, the
pituitary adenoma has been known to en
large and endanger vision.
Sometimes the clinical picture of a quies
cent pituitary adenoma may be mimicked
by a suprasellar lesion. A girl aged 20 proves
this point. At the age of 12 years menstrua
tion started and continued with a regular
cycle until it stopped suddenly in her fif
teenth year and was not resumed. She con
tinued to grow taller and her breasts in
creased in size. She then became unhappy,
refused food and lost weight. The situation
strongly suggested anorexia nervosa. How
ever, her skin had become fine and pale, she
was lethargic and not obsessionally active
and her plasma cortisol levels were very low
throughout day and night. Radiographically
her pituitary fossa was normal and there
was no suprasellar calcification. Her visual
fields were full. After a diagnosis of anterior
hypopituitarism, replacement doses of cor
tisone immediately unmasked a full-blown
diabetes insipidus. This sequence of events
pointed to a primary lesion of the hypo
thalamus; pneumoencephalography demon
strated a craniopharyngioma. In the same
manner I have seen six teenagers with al
leged idiopathic diabetes insipidus whose
disorder appeared to remit while the pa
tients developed signs of anterior pituitary
failure. In each case the causative lesion was
a teratoma arising in the pineal region and
growing down to destroy the pituitary. De
tecting the interaction between hormones
produced by hypothalamus or pituitary can
lead to localization of the anatomical lesion.
The problems of therapy are much greater
in the presence of combined hypothalamic
and pituitary damage, whether it be caused
by nature or operation. The efficiency of glu
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cocorticoid cover has made some surgeons
very radical in their removal of pituitary tu
mours and the hypothalamus may suffer
directly or the optic chiasm may be drawn
down into a huge empty pituitary fossa
thereby diminishing the vision that the oper
ation tried to save.
When the damaged hypothalamus is un
able to control body temperature efficiently,
the dangers of subsequent hypothermia are
greatly increased if large doses of phenobarbitone have to be given to control post
operative epilepsy. In England it is still con
sidered by many that a draughty house is
healthy and the sick-room is often the cold
est room in the house. Hence, hypothermia
is likely to occur in the patient at risk while
the temperate British climate is applauded.
In the patient with known hypothyroidism
due to pituitary damage, loss of body heat
due to a hypothalamic defect may be mis
taken as a failure of the patient to take the
prescribed thyroxine; it is important to
realize that myotonic tendon reflexes de
mand the use of a low-reading thermometer
as well as estimation of plasma thyroxine
and that slow restoration of body temper
ature is more important and far less danger
ous than sudden increases in thyroid hor
mone dosage.
The final complication is loss of thirst
sensation in the presence of diabetes insipi
dus and anterior pituitary failure. Control
of body water under these circumstances is
appalling difficult, whether thirst is lost by
dulled consciousness or by direct hypotha
lamic damage. To juggle the fluid intake
and the doses of antidiuretic hormone and
glucocorticoid with complete accuracy is
almost impossible. The patient tends
to lurch from water poisoning with low
plasma sodium and urea to dehydration
with high plasma sodium and uremia. As
both states are associated with coma and
convulsions, treatment requires constant bio
chemical monitoring and quick changes in
therapy based on the results.
It is only by the combined efforts of men
with differing skills that patients with pitui
tary tumours can receive the best in diagno
sis and treatment. Many aspects of science
are involved; it is not a matter of science for
its own sake, but science harnessed to wis
dom and judgment to aid suffering man.
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RECURRENT POSTERIOR DISLOCATION OF THE SHOULDER
EDWARD ENGLISH, M.D., F.R.C.S.[C]t and
IAN MACNAB, M B., F.R.C.S. [Eng. & C],t
Toronto, Ont.
Summary: Two main groups of recurrent poste
rior dislocation of the shoulder can be recogn
ized— "post-traumatic" and "idiopathic". The
idiopathic group can be subdivided into the
"recurrent" group, in which dislocation occurs
following minimal trauma, and the "habitual"
group, in which dislocations occur as a result
of incoordinate muscle action. An x-ray tech
nique has been developed to show the relation
ship of the head of the humerus to the glenoid.
Normally the humeral head is retroverted at 60°
with the glenoid facing anterolaterally 45°. The
amount of anteversion of the g'enoid is de
creased in patients suffering from a recurrent
posterior dislocation and can surgically be
restored to normal. In a series of 11 patients
this was achieved by an open wedge osteotomy
of the neck of the glenoid and the results were
far more satisfactory than those obtained by a
soft tissue repair.
Resume. On peut distinguer deux groupes principaux de luxation posterieure recidivante de
I'epaule: la luxation "post-traumatique" et la
luxation "idiopathique". Ce dernier groupe peut
etre subdivise en "groupe recidivant" oil la
dislocation survient apres le moindre trauma
et le groupe dit "habituel" ou elle se produit
apres une action musculaire incoordonnee. Une
technique radiologique permet de mettre en
evidence le rapport entre la tete de I'humerus
et la cavite glenoide. Normalement, la tete
de I'humerus est en retroversion a 60° avec
la cavite glenoide vue en position anterolaterale a 45°. Chez les malades sujets a la
luxation posterieure recidivante, le degre de
I'anteversion de la glenoide est diminue. Cette
forme de luxation peut etre corrigee chirurgicalement. Chez un grcupe de 11 malades, cette
correction a ete faite par une osteotomie cuneiforme du col de la glenoide. Les resultats ont
ete nettement meilleurs que ceux obtenus d'une
simple correction des tissus mous.

*Presented at the Canadian Orthopaedic Associa
tion Meeting, Quebec City, Que., June 1972.
fClinical Research Fellow, The Wellesley Hos
pital. Supported by a grant from the Workmen’s
Compensation Board of Ontario.
+Chief, Division of Orthopedic Surgery, The
Wellesley Hospital, Toronto, Ont.
Reprint requests to: Dr. Ian Macnab, Room
486E, The Wellesley Hospital. ioj v/ellesley
Street East. Toronto, Ont. M4Y 1J3.

R ecurrent posterior dislocation of the
shoulder is an uncommon entity. According
to many authors1'4 its incidence in the group
of recurrently unstable shoulders is 3% or
less. It was possible to collect from the se
nior author’s practice 11 patients with this
condition, an incidence of just over 4% .
In this paper findings in these 11 patients
are described, the results of operative inter
vention are discussed and a rational ap
proach to the surgical correction of the ana
tomical defects present is suggested.
C lassification

Recurrent posterior dislocation of the
shoulder can be classified as two main
groups. The first of these is the post-trauma
tic group in which the dislocation is a result
of direct trauma or a generalized epilepti
form seizure. The lesion consists of either
a tear of the posterior capsule that has
healed with posterior capsular attenuation,
or a fracture of the posterior glenoid labrum.
This type of lesion is often associated with
a compression fracture or a defect in the
anterior superior portion of the humeral
head, as described by McLaughlin."
The second and by far the largest group
in all series reported is the spontaneous or
idiopathic group, which can be further sub
divided into the “recurrent” and the “habi
tual” groups. In the “recurrent” group dis
location follows minor trauma or certain
movements such as forward flexion and in
ternal rotation. Patients suffering from
“habitual” posterior dislocation can dislo
cate their shoulders at will by contracting
the shoulder musculature with the arm at
the side. Patients in the idiopathic group
frequently have evidence of generalized
ligamentous laxity and as well as presenting
symptoms of recurrent dislocation of the
shoulder they demonstrate excessive lateral
mobility of the patellas, instability of the
sternoclavicular joints and hyperextensibi
lity of all major joints.
A natomy

In order to devise a rational surgical cor-
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!•—The tendinous portion of the subscapularis and the capsule create the anterior support
ing structures, with the coracobrachialis and short
head of biceps reinforcing the shoulder in abduc
tion and external rotation.

rection of recurrent posterior dislocation of
the shoulder, the anatomy of the glenohu
meral joint must be considered. Anteriorly
the shoulder is reinforced by a strong cap
sule attached to the glenoid labrum and the
thick tendinous portion of the subscapularis muscle. With the shoulder in a position
of external rotation and abduction, the co
racobrachialis and the short head of biceps
both lie in front of the shoulder joint resist
ing anterior dislocation (Fig. 1). Posteriorly,
however, a paper-thin capsule supported
solely by the muscle bellies of the infraspi
natus and teres minor forms a weak support.
The tendinous insertions of these two mus
cles are both less than a centimetre in
length (Fig. 2), making an adequate poste
rior soft tissue repair difficult, if not impos
sible. In the resting position the humeral
head is retroverted at 60° with the glenoid
surface facing anterolaterally 45° to 60°
(Fig. 3). The amount of anteversion of the
glenoid may be decreased in patients suf
fering from recurrent posterior dislocation
of the shoulder. A special radiological tech
nique was developed to demonstrate the re-

Fig. 2.—Infraspinatus and teres minor muscles
form the posterior portion of the rotator cuff.
These muscles have short tendinous insertions in
to the greater tuberosity.

troversion of the head of the humerus and
the relative anteversion of the glenoid
cavity. The patient is placed supine on the
x-ray table. The humerus is allowed to rest
on the table in a true anteroposterior posi
tion, i.e. a line between the epicondyles is
parallel to table top. The elbow is flexed to
90°. The humerus is abducted so that the el-

Fig. 3.—The articular surface of the humeral
head is retroverted 60° with the posterior glenoid
labrum forming an osseous ridge preventing post
erior dislocation. (The arrow points to the ante
rior edge of the glenoid.)
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Fig. 5.—Axillary radiograph demonstrating the
retroversion of the glenoid in a patient suffering
from recurrent posterior dislocation of the
shoulder.

bow is not more than four inches away from
the body. The film is then positioned above
the affected shoulder and pushed into the
neck as far as possible, being held in position
by sand-bags. The tube is positioned hori
zontally and centred along the long axis of
the humerus (Fig. 4). Using this technique, it
can be shown that radiographs of patients
with idiopathic recurrent dislocation of the
shoulder demonstrate a significant decrease
in the amount of anteversion of the glenoid
cavity (Fig. 5).
Scott3 suggested that posterior stability
of the shoulder could be improved by add
ing a posterior bone block or by redirecting
the glenoid surface anteriorly by a posterior
glenoplasty (Fig. 6).

expose the posterior rotator cuff. The inser
tions of the infraspinatus and teres minor
muscles are identified and transected (Fig.
7). The muscles are folded back on them
selves exposing the posterior aspect of the
neck of the scapula. An osteotomy cut is
made one centimetre away from the glenoid
labrum and parallel to it (Fig. 8). To avoid
an oblique osteotomy into the glenoid, the
head of the humerus should be levered out
of the glenoid cavity with a shoulder skid
so that the orientation of the glenoid may

P rocedur es

In performing posterior glenoplasty the
spine of the scapula and the acromion are
first identified. The origin of the deltoid is
detached from the spine of the scapula and
is retracted downwards and laterally to

Fig. 6. —Similar view as Fig. 5 in a patient who
had a glenoid osteotomy for recurrent posterior
dislocation of the left shoulder. Note the large
posterior glenoid ridge created by the procedure.
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Og- 7.—The deltoid is retracted inferiorly ex
posing the posterior portion of the rotator cuff,
which is then transected along the dotted line.

be judged. The cut is made to a depth of
about one-half the thickness of the scapular
neck. The posterior glenoid lip is then
levered anteriorly, opening up the osteo
tomy cut approximately one centimetre.
The osteotomy is held open with a piece
of corticocancellous bone (1 cm x 2 cm)
obtained from the spine of the scapula. A
simple plication of the capsule and posterior
rotator cuff is then performed. The patient
should be nursed in a shoulder spica with
the arm in 30° abduction and 5° to 10°
of external rotation for four weeks.
C l in ic a l R ev iew

Eleven patients with a history of post
erior instability in 12 shoulders have been
followed up. There were eight males and
three females in the series, all in the second
or third decade at the time of presentation.
A dominant right extremity was affected
10 times and the left arm twice. Radiogra
phically all the patients demonstrated a
significant degree of retroversion of the gle
noid (Fig. 5) but none showed any defect
in the head of the humerus. Three patients,
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Fig. 8.—An osteotomy is made one centimetre
from the glenoid labrum in the posterior neck of
the scapula. The posterior glenoid lip is levered
forward and the gap is filled with a bone graft
obtained from the scapular spine.

in whom the episodes of dislocation were
infrequent, were not operated on. By avoid
ing activities and specific movements these
patients no longer have any problem with
their shoulders.
Eight shoulders of seven patients requirea
surgical repair. Four were treated by post
erior capsulorrhaphy, and in four, glenoid
osteotomies were performed. Of the former,
three have continued to remain unstable,
which indicates that a posterior soft tissue
plication will not produce a stable shoulder
with normal function in the majority of pa
tients.
Four patients treated by redirection of
the glenoid obtained stable shoulders. One
prob'em was noted at operation. On com
pletion of the g enoplasty and posterior soft
tissue repair, when testing the stability of
the shoulder with the patient still anesthe
tized, the shoulder tended to subluxate ante
riorly on abduction and external rotation.
On the first occasion this was observed the
anterior capsule was reinforced by a Putti-
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Platt procedure. In two other patients a
tendency to subluxate anteriorly was also
noted following redirection of the glenoid,
but in both the shoulder had just been im
mobilized for four weeks in a spica. At
follow-up all four patients had regained a
full range of movement and have returned
to full functional activity, including wrestl
ing, swimming, skiing, hockey and heavy
manual labour.
In retrospect it would appear that in the
first patient it was unnecessary to supple
ment the glenoplasty with an anterior repair.
In all probability in patients with marked
ligamentous laxity there will be a tendency,
following glenoplasty, for the shoulder
joint to subluxate anteriorly while the pa
tient is still anesthetized. The fact that these
patients returned to full normal activity
suggests that the shoulder is stable when
the patient is conscious and has full muscle
tone. However, immobilization in a shoul
der spica is probably desirable to allow
consolidation of the bone graft.
C onclusion

Some patients suffering from infrequent
posterior subluxation of the glenohumeral
joint do well solely by avoiding certain
movements and by modifying their daily
activities. Patients in whom recurrent epi

sodes of dislocation interfere with their abil
ity to pursue their employment or their
capacity to enjoy themselves in their leisure
hours, require operative correction of the
lesion.
In this series posterior soft tissue repair
failed to give good results but stability was
restored with preservation of a full range of
movement when the posterior glenoid rim
was directed anteriorly by posterior gleno
plasty.
This work was supported by a grant awarded
by the Workmen’s Compensation Board of On
tario. The authors would like to express their
thanks to Miss Bliss and her staff in the Depart
ment of Medical Photography at the Wellesley
Hospital.
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CLASSIC CHOLELITHIASIS AND CHOLEDOCHOLITHIASIS IN A
10-YEAR-OLD GIRL
R. C. MOFFAT, M.D., F.R.C.S.[C], F.A.C.S.,* Trail, B.C.
Summary: An instance of cholelithiasis and
choledocholithiasis in a 10-year-old girl is re
ported. Gallstones should be considered as a
cause of unexplained abdominal pain in children.
The indications for common duct exploration
should be just as rigidly applied in children as
in adults, even though the jaundice in children
is often associated with other causes. Cholecys
tectomy and choledochotomy are well tolerated
in children.
Resume: L'auteur presente un cas de cholelithiase et de choledocholithiase chez une fille
de 10 ans. Les calculs biliaires doivent etre
consideres comme la cause de douleur abdominale inexpliquee chez I'enfant. II importe d'appliquer a I'exploration du choledoque chez I'enfant
les memes normes rigides que chez I'adulte,
meme si I'ictere chez I'enfant revele souvent
d'autres causes. La cholecystectomie et la choledochotomie sont des operations bien tolorees
par I'enfant.

I t is generally believed that cholelithiasis in
the pediatric age group (birth to 13 years of
age) is a very rare condition. In 4,487 au
topsies on patients under the age of 20
years, Lieber1 did not observe a single in
stance of gallstones. Colcock and McManusreviewed a total of 2,450 cholecystectomies
performed at the Lahey Clinic and noted
that less than 0.4% of patients were between
the ages of 10 and 20 years. The Mayo
Clinic3 has documented 1.3 cases in chil
dren for every 1,000 adult cases. However,
a number of recent articles4' 6 from com
munity hospitals suggest otherwise.
Several of the pediatric surgical text
books7' 0 that discuss cholelithiasis in chil
dren state that hemolytic anemia and sickle
cell anemia are the most common contribut
ing factors in the underlying etiology. How
ever, this fact also does not appear to be
substantiated by the recent literature.4' 6' 16
The first case of childhood cholelithiasis in
the English literature was recorded by Gib
son in 1737 in a 12-year-old boy.6 There
have been many subsequent reports over the
years. The present case report describes a
10-year-old girl with cholelithiasis and cho
ledocholithiasis.
*Present address: Box 1167, North Bay, Ont.

Case R eport

A 10-year-old Doukhobor girl was admitted
to the Trail Regional Hospital, B.C. on Aug
ust 9, 1971. She stated that for the past two
years she had experienced epigastric pain as
sociated with a marked intolerance for fatty
foods. Before admission she had had two at
tacks of vomiting, fever and chills, back pain
and jaundice. During the second of these, one
month before admission, her urine was noticed
to be very dark and her stools were pale in
colour for several days.
Her past history was non-contributory with
the exception of asthma as a baby.
Her paternal grandmother, an obese woman,
presently has a solitary calculus of the gall
bladder. Her mother has a “deformed” gall
bladder as demonstrated by oral cholecysto
graphy but no stones were seen.
On admission, with the exception of some
mild right upper quadrant tenderness, this pa
tient had no pertinent physical findings. An
oral cholecystogram had previously demon
strated numerous small gallstones.
Laboratory data included a hemoglobin of
13.8 g/100 ml with a normal leukocyte and
differential count. Laboratory findings were as
follows: serum amylase 60 Somogyi units/
100 ml, total serum bilirubin 0.6 mg/100 ml,
SGOT 44 units/ml, serum albumin 5.5 mg/
100 ml, serum globulin 1.7 mg/100 ml, serum
cholesterol 140 mg/100 ml and serum trigly
cerides 87 mg/100 ml. There was a non-speci
fic pattern on protein electrophoresis. The
urinalysis yielded normal results.
At operation abnormal findings were lim
ited to the right upper quadrant. There were
numerous adhesions between the gallbladder
and the adjacent bowel—evidence of previous
attacks of cholecystitis. The gallbladder con
tained numerous multifaceted stones which
averaged 0.3 cm in diameter (Fig. 1). The
common bile duct was approximately 4 to 6
mm in diameter and was considered to be nor
mal in calibre. No stones were palpable in the
duct, and the pancreas was normal to palpa
tion. The gallbladder was removed in the
usual manner. A cystic duct cholangiogram
was performed and revealed what was inter
preted to be an obstruction at the lower end
of the common bile duct (Fig. 2). Cultures
were made of the bile and gallbladder wall.
Following a choledochotomy, two stones were
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Fig. 1.—The numerous, multifaceted pale
yellow calculi obtained from the gallbladder.
The stones are mixed and not pigmented. The
average diameter is 0.3 cm.
extracted from the lower end of the duct. A
no. 10 T-tube was placed in the common duct
and further radiographs demonstrated passage
of the dye into the duodenum. An incidental
appendectomy was performed and a Penrose
drain placed in the area of the right upper
quadrant. The postoperative course was un
eventful. A T-tube cholangiogram, performed
on the tenth postoperative day, was inter
preted as normal. The T-tube was removed on
the following day and the patient was dis
charged on the twelfth postoperative day. She
has had no further symptoms. The aerobic and
anaerobic cultures of the bile and the gall
bladder wall produced no growth. The gall
bladder demonstrated the histopathological
changes associated with chronic cholecystitis.
The gallstones were non-pigmented (of a uni
form pale yellow colour) and o f a mixed
variety (Fig. 1).
D iscussion

Calabrese and Pearlman4 recently re
ported that 5.3% of their series of patients
with cholelithiasis were under 21 years of
age (33 out of 620 cholecystectomies). All
of their cases were from a community hos
pital and most of them were female. It is
interesting to note that 80% of the females

Fig. 2.—Cystic duct cholangiogram demon
strating common bile duct obstruction. Two
small stones were extracted from the lower end
of the duct. Note the normal size of the duct
(4 to 6 mm in diameter).

had had one previous pregnancy even though
they were teenagers. It should also be noted
that this particular community hospital had
a rather large Puerto Rican population
(70%). Laws10 reported that 14 of 385
cases (3.7%) were 21 years of age or
younger. His cases were also from a com
munity hospital but with a predominantly
Caucasian population (90%). All were fe
male and 12 of the 14 had had previous
pregnancies. Our case report, supported by
the conclusions of several recent articles,
r-o, 10 would indicate that gallbladder dis
ease is not uncommon in the younger gener
ation. It should certainly be suspected more
often in children as a cause of unexplained
abdominal pain.
The pediatric surgical textbooks7"9 usual
ly state that some form of hemolytic disease
is the most common cause of gallbladder
disease in infancy and childhood. As men
tioned earlier, this has not been substan
tiated by most of the recent articles. Un
doubtedly hemolytic disease is sometimes
associated with gallbladder disease in
younger children, but it appears that cho
lecystitis with or without stones is more
likely to be associated with some other
acute systemic illness such as bacterial in-
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flammation. There have been numerous re would have been left behind. Swenson9
ports ° of cholecystitis in children caused by writes in his recent edition of “Pediatric
typhoid, pneumococcus, E. coli and Salmo Surgery”, “The indication for common duct
nella organisms. Other factors that have been exploration is seldom required and should
reported to contribute to the development be more rigid than in adults” and “should
of cholelithiasis in children have been con be undertaken only when a common duct
genital abnormalities of the cystic duct with stone is felt or if the common duct is en
stasis, trauma, multiple transfusions and larged”. As mentioned earlier, if the latter
multiple surgical procedures.4 The reported advice had been followed in our case, two
high incidence of previous pregnancies in common duct stones would have been
teenage girls with gallbladder disease is also missed. There is little doubt that the indica
very interesting.4' 49 Our patient had none tions for common duct exploration, e.g.
of these contributing factors. No congenital multiple small stones, history of jaundice,
abnormality of the cystic duct was evident should be rigidly observed in both children
at operation or on any of the radiographs. If and adults, especially if the common duct
there were some type of congenital obstruc is not enlarged. Exploration should be pre
tion in the area of the cystic duct, it would ceded by x-ray visualization of the bile duct.
be difficult to explain how the stones got
into the common bile duct. In other words
the etiology of the gallstones in this child
R eferences
would appear to be the same as in many of
1. L ifber MM: Incidence of gallstones and
the adult cases—some upset in the equili
their correlation with other diseases. Ann
brium between bile salts, cholesterol and the
Surg 135: 394, 1952
phospholipids.
2. C olcock BP, M cM anus JE: Experiences
with 1,356 cases of cholecystitis and choIt is also stated in the literature7 that jaun
leWhiasis. Surg Gynecol Obstet 101: 161,
dice in children with cholelithiasis is more
3. U lin AW, N osal JL, M artin WL: Chole
often due to common duct and periductal
cystitis in childhood; associated obstruc
inflammation than to common duct obstruc
tive jaundice. Surgery 31: 312, 1952
tion by calculi. In fact other causes such as
4. C alabrese C, P earlman DM: Gallbladder
disease below age of 21 years. Surgery
hepatitis or excessive excretion of pigment
70: 413, 1971
are likely to account for this jaundice.9
5. C olvin EM, J effords JV: Gallbladder
The incidence of jaundice in children
disease in children. Report of two cases.
J SC M ed Assoc 64: 319, 1968
with cholelithiasis is approximately 40%,
6. G raivier L, D orman DW, V otteler TP:
whereas it has been stated, that approxi
Gallbladder disease in infants and chil
mately 6% of such children actually have
dren. Surgery 63: 690, 1968
7. G ross RE: Surgery of Infancy and Child
choledocholithiasis.3 These figures may be
hood, Philadelphia, Saunders, 1953
true, but may encourage the physician to
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overlook choledocholithiasis as a cause of
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Year Book, 1969
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in whom the common duct was of normal
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size with no palpable stones, if a cystic duct
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FOOD BOLDS OBSTRUCTION*
IAN SANDERSON, M.B., B.S., F.R.C.S.[C]f and J. ALEXANDER MeINTYRE,
M.D., F.R.C.S.[C], F.A.C.S.,J Toronto, Ont.
Summary: Twenty-one cases of intestinal ob
struction due to food bolus are described. Fif
teen of the patients had had a previous gastric
operation, partial gastrectomy or vagotomy and
pyloroplasty. In eight cases there was a history
of having eaten a meal rich in cellulose, with
the onset of crampy abdominal pain some
hours later and subsequent to the next meal.
This sequence of events is highly suggestive of
the diagnosis.
Conservative therapy using a long intestinal
tube for decompression is worth a trial; it was
successful in four patients. Enterotomy was re
quired in tw o cases and bowel resection in an
other two. In most cases all that is necessary
at operation is to divide any adhesions present
and then after manually breaking up the bolus
to milk it along the small intestine into the ce
cum.
Resume: Les auteurs presentent 21 cas d'occlusion intestinale causes par un bol alimentaire.
Quinze de ces malades avaient deja subi une
operation gastrique, soit une gastrectomie partielle, soit une vagotomie et pyloroplastie. Dans
huit cas, on retrouvait I'antecedent d'ingestion
d'un repas riche en cellulose. Les crampes abdominales avaient debute quelques heures plus
tard et etaient posterieures au repas suivant.
Cette succession de faits suggere le diagnostic.
II vaut la peine d'essayer un traitement conservateur, par un long tube intestinal servant a
la decompression. Nous avons reussi ainsi a
guerir quatre malades. Dans deux cas, il nous
a fallu recourir a I'enterotomie et a la resection
intestinale dans deux autres cas. Dans la majorite des cas, I'operation consistait simplement
a separer d'eventuelles adherences et, apres
avoir fragments le bol a la main, a le faire progresser le long du grele jusqu'au coecum.

*From the Department of Surgery, St. Josephs
Hospital, 30 The Queensway, Toronto and the
University of Toronto, Toronto, Ont.
Supported by St. Joseph’s Hospital (Toronto) Re
search Foundation.
fSurgical Fellow, St. Joseph’s Hospital, Toronto.
^Director, General Surgical Services, St. Joseph’s
Hospital and Assistant Professor of Surgery, Uni
versity of Toronto.
Reprint requests to: Dr. J. A. McIntyre, Depart
ment of Surgery, St. Joseph’s Hospital, 30 The
Queensway, Toronto, Ont.

I ntraluminal foreign bodies account for

1% to 3% of all small bowel obstructions.1
While gallstones are usually considered the
predominant cause of such obstruction, in
some series food boluses or intestinal para
sites were found to be more common.J
Gastric phytobezoars may pass into the
intestine and cause obstruction3-3 and must
be distinguished from recently ingested food
material. Undigested plant fibre is probably
a more frequent cause of intestinal obstruc
tive symptoms than is usually recognized,
for example in “green apple colic” or ordi
nary “stomach ache”.6’7 Complete obstruc
tion of the intestine by food bolus is less
common.8
In this paper we report 21 cases of in
testinal obstruction due to food boluses seen
at St. Joseph’s Hospital, Toronto, over a 12year period. We include an account of ex
periments on the ability of acid gastric juice
and dilute hydrochloric acid to fragment
some cellulose-rich foods, and discuss the
possible use of the latter to fragment this
bolus at the actual site of obstruction.
C linical M aterial

Over a 12-year period (January 1960 to
January 1972) 1,130 patients were ad
mitted to St. Joseph’s Hospital, Toronto
with intestinal obstruction. Of these, 951
had obstruction of the small bowel, includ
ing 27 (3.3%) due to intraluminal obtura
tion. Twenty-one cases were caused by a
food bolus (2%), five by gallstones and one
each by a tooth-pick and a chicken bone
with associated inflammatory reaction. In
the last five years of the study an average
of three cases of food bolus obstruction
were seen each year, accounting for 3% of
all admissions for bowel obstruction.
Our patients could be conveniently classi
fied into two groups; those in whom the sto
mach was normal and those who had had
a previous gastric operation, either a Bill
roth II partial gastrectomy or vagotomy and
pyloroplasty. The findings in these patients
are summarized in Table I.
The incidence was uninfluenced by age
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TABLE I.

Case
no.

Sex

Age
(yrs)

D ata F rom 21 P atients W ith Acute F ood B olus Obstruction

Obstructing
material

NORM AL STOMACH
1
F
58 Unspecified

Site of maximal
abdominal tenderness

Site of
obstruction

Adhesions>

Epigastrium

Terminal ileum Absent

71 Food masses

Lower abdomen

Ileum

M

25

Corn

4

M

20

Orange

Right lower quadrant Meckel’s diverticulum
Absent
Right lower quadrant Ileum
Present

5

M

33

Peanuts

6

M

41

Peanuts

2

M

3

FOLLOWING GASTRECTOMY
7
F
70 Unspecified

Present

Right lower quadrant Terminal ileum Probably
present
Diffuse
Unknown
Probably
present
Right lower quadrant Terminal ileum Absent

8

F

32

9
10

M
M

59 Orange
42 Sauerkraut

Diffuse
Unknown

11

F

42

Right lower quadrant Terminal ileum Present

12

F

61

13

M

14

F

Undigested
m atter and
cucumber seeds
67 Vegetable
matter
54 Unknown

15

M

42

16

M

59

Undigested
vegetable and
grape skins

Unspecified

Diffuse

5 feet and 1
Absent
foot from
ligament of
Treitz
Terminal ileum Absent
Ileum
Present

Upper abdomen

M

55

Mid-portion of Absent
small bowel

Right lower quadrant Terminal ileum Absent
Diffuse

Unknown

Nuts

Epigastrium

Ileum

Vegetable
matter

—

—

FOLLOW ING VAGOTOMY AND PYLOROPLASTY
17
M
29 Orange
Left lower quadrant
18
F
63 Undigested
Periumbilicus
vegetable
matter
19
F
41 Celery
Unknown
20
M
25 Vegetable m atter Diffuse
21

Vol. 17

Unspecified

No tenderness

—

or sex, except perhaps in those patients
with normal stomachs, the majority of whom
were men. Six patients gave a history of poor
dentition or inadequate mastication. Most
patients had a high intake of cellulose-rich
foods. The majority were admitted either in
summer, when green salads and fruits are
plentiful, or over the Christmas and New
Year period, a time well known for gastro
nomic excess, when nuts and oranges are
liberally available.
Fifteen patients had had a previous gas

Probably
present
Probably
present

Milked into
cecum
Milked into
cecum
Resection
Milked into
cecum
No operation
No operation

Milked into
cecum
Milked into
cecum
Enterotomy
Milked into
cecum A *
Milked into
cecums^
Milked into
cecum
Milked into
cecum
No operation
No operation
Removal of
gastric bezoar

Terminal ileum Present
Mid-jejunum

Management

Absent

Terminal ileum Absent
Terminal ileum Absent
Upper jejunum Absent

Milked into
cecum
Enterotomy
and
resection
Enterotomy
Milked into
cecum
Milked into
cecum

tric operation which apparently predisposed
them to this condition. The interval since
the operation varied from two months to
20 years, which is in agreement with what
is reported by others.9’ 10 It is not uncom
mon for the patient to have had a previous
similar episode of food bolus obstruction.811-13 This history was given by two pa
tients; one patient who had had a gastrec
tomy complained of episodes of crampy
abdominal pain after eating oranges or as
paragus and another such patient gave a

M a y 197 i

*

N
^

.

FOOD BOLUS OBSTRUCTION

Fig. 1 Gastrografin has been injected into the
small bowel via a Dennis tube and outlines the
food bolus which is indicated by the arrow.

similar chronic history. Most of our postgastrectomy patients could recall episodes
of crampy abdominal pain felt mainly after
meals especially if cellulose-rich foods were
eaten. This we recognize as being a more
chronic form of food bolus obstruction.
The symptoms and signs are those of
v acute intestinal obstruction. Some authors
r • emphasize the severity of the cramps in
this condition;7’ 9 while two of our patients
were in extreme pain, the majority were
only mildly to moderately distressed. Occa
sionally the pain site may shift, indicating
t onward passage of the bolus.9, 14 Others
have pointed out that abdominal distension
is more marked in bolus obstruction8, 15
► than in obstruction due to other causes but
this was not a feature in our cases.
Many patients were tender in the right
lower abdominal quadrant and this was
¥ helpful in making the diagnosis in those who
had had previous appendectomy. Abdominal
^
radiographs confirmed small intestinal ob
struction of recent onset. The bolus itself
was rarely visible but a suggestion of a
mass was present in one case.
v
Most patients were initially managed by
y
a trial of nasogastric suction and intrave
nous fluids. In three cases a long tube was
*"
passed as far as the site of obstruction and
in two the bolus was demonstrated radio
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Fig. 2.—Gastrografin has been introduced
through a nasograstric tube whose tip is in the
false part of the duodenum and outlines an ob
structing food bolus in the proximal jejunum.

logically by meglumine diatrizoate (Gastro
grafin) (Figs. 1 and 2); this procedure
brought about the passage of the bolus in
Case 15. In 1939 Storck, Rothschild and
Ochsner2 noted that in cases of intraluminal
obstruction, especially those caused by pa
rasites and food boluses, conservative the
rapy is frequently sufficient and the bolus
is passed spontaneously. Successful non-

Fig. 3.—A food bolus is trapped in the terminal
ileum; there are no adhesions.
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Fig- 4.—The food bolus arrested proximal to
adhesions around the terminal ileum.

operative treatment has also been reported
by others.15- 111 Non-operative management
was successful in four of our cases and it
has been our recent practice, in the absence
of progressive abdominal symptoms and
signs, to persist in this treatment for three
or four days.
In patients requiring operation, the ter
minal ileum was the commonest site of ob
struction (Fig. 3), as noted by other authors.
8-io, 13 Except for the plylorus, this is the
narrowest part of the gastrointestinal tract
with the least muscular development and
the most sluggish peristalsis.9- 17 Adhesions
were present in five cases (Fig. 4) and sus-

Fig. 5.—Case 17. The fixed resected specimen of
jejunum is shown at the right and the food bolus,
which has been transected, on the left. The bolus
had a black exterior but the cut surface was
yellow and spongy and plant cellulose masses
were visible. It appeared to have been present in
the small intestine for some time.

Vol. 17

Fig. 6.—Case 3. The bolus (grains of com)
backed up for 12 inches proximal to a large
Meckel s diverticulum which was also stuffed
with com.

pected in four. Enterotomy or resection was
seldom necessary and the bolus was easily
manually fragmented and milked along the
small intestine into the cecum. In one pa
tient (Case 17) the bolus, which was firm
and spongy, appeared to have been present
in the intestine for some time as it had as
sumed the shape of the intestinal lumen and
had a blackened exterior surface (Fig. 5).
Other authors have reported this pheno
menon.5’ 18 In one case19 the bolus appa
rently had been present for 44 years before
causing symptoms.
A variety of foodstuffs contributing to
obstruction and associated with a variety of
intestinal pathologic conditions have been
reported.11 -" 26 The situation may require
more definitive procedures as was necessary
when the Meckel s diverticulum was in
volved in Case 3 (Fig. 6). Though the pulp
of citrus fruits is the most commonly re
ported obstructing bolus8'10’ 12 almost any
food rich in cellulose may be implicated.
Since the bolus is usually only loosely com
pacted it can presumably be fragmented in
situ by the methods used to dissolve gastric
phytobezoars.27 Our decision in Case 20 to
use 0.1N hydrochloric acid was based on
its successful use in dissolving a postgastrec
tomy phytobezoar and on the following lab
oratory experiments.
L aboratory E xperim ents

Basic experiments on the ability of gas
tric juice to fragment orange piths were
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carried out by Schlang and McHenry'-' in its solution in acid was not more effective
1963. They found that after three to four than the acid mixture alone. The other sam
hours’ incubation of orange piths in normal ples could not be completely fragmented
acid gastric juice at 37° C, fragmentation by any of the methods used although some
readily occurred on shaking for 15 minutes fragmentation could be demonstrated after
with a standard Kahn shaker. Control sam four hours. After 24 hours in the acid all
ples incubated in water and a sample in samples were found to be very soft and
cubated in gastric juice containing no hydro could be fragmented easily by gentle mani
chloric acid underwent no disintegration on pulation between the finger and thumb.
shaking. Experiments were carried out in Again, addition of pepsin did not affect
our laboratory to confirm these findings and the results.
to try to discover which component of the
Comment
gastric juice was responsible for the frag
These experiments show that it is prob
mentation.
ably the free hydrochloric acid in the gastric
Materials and Methods
juice which contributes to the fragmentation
Samples of gastric juice were obtained of these cellulose-rich foods. Hart in 1938
from patients undergoing standard hista and David in 1940, as quoted by Cohen and
mine or Hollander tests of gastric function. Huen,28 thought that the gastric acid acted
Segments of a peeled ripe orange were to dissolve the mucopolysaccharide bind
placed in 150-ml samples of normal acid ing the vegetable fibres together. Dilute hy
gastric juice and incubated at 37° C. Con drochloric acid has been used successfully
trol samples were incubated in tap water, to dissolve phytobezoars formed by hypodilute hydrochloric acid of pH 1.8 (the pH chlorhydric patients.29
In 1942 Chont30 was unable to form beof the acid gastric juice sample) and gastric
juice whose acidity had been neutralized zoars in vitro from prunes, raisins, celery or
with sodium bicarbonate. At one and two completely ripe persimmons by incubating
hours the samples were agitated for 15 to them after oral mastication in dilute or decinormal hydrochloric acid solutions with
30 seconds.
In a second set of experiments, 0.1N hy or without pepsin. He could, however, form
drochloric acid was used both with and a bezoar-like mass using unripe persimmons.
without 1 mg of pepsin per 75 ml. The same It has been shown by others that unripe
quantity of tap water with and without persimmons contain a large amount of so
added pepsin was used for controls. Into luble tannin.31 When soluble tannins are
these solutions orange pips, celery, unpeeled heated with dilute acids an anhydride of the
apple, and raw unpeeled potato and cab tannin or a “phlobaphene” is produced
bage were immersed for up to 24 hours at which is brown, sticky, insoluble in water
room temperature. Samples were agitated at and chemically inert. Hence, when unripe
persimmons are ingested on an empty sto
two, four, eight and 24 hours.
mach this chemical reaction allows the
Results
“phlobaphene” to bind the pulp seeds toge
In the first experiment, after one hour ther and a bezoar is formed. Chont’s weaker
fragmentation was nearly complete in the hydrochloric acid solution caused bezoar
acid gastric juice and dilute acid samples formation more quickly than the stronger
and was complete after two hours of in ones.30 This confirms the reports that per
cubation. Samples in the tap water and the simmon bezoars form more readily when a
neutralized gastric juice could not be frag lot of fluid is consumed with the unripe
mented by agitation even after eight hours fruit and explains the report of a persimmon
bezoar in a patient after partial gastrec
of incubation.
In the second experiment, after four tomy.32 Although gastric acidity is reduced
hours in the 0.1N hydrochloric acid the by the operation it is not absent and prob
orange segments could be fragmented by ably exists in sufficient quantity in some
agitation for one to two minutes. The solu cases to form a persimmon bezoar. It is
tion of pepsin in water had no effect and probably reduced enough in most cases to

160

THE CANADIAN JOURNAL OF SURGERY
TABLE II.— A ctions

of

Vol. 17

G astric H ydrochloric A cid

Gastric Hydrochloric Acid
Unripe persimmons
(Soluble shiboul)

l

“Phlobaphene”

I

Bezoar

|
Ripe persimmons
(Coagulated shiboul)

Orange ( + other)

Disintegration

Disintegration

l
I

No bezoar

prevent adequate fragmentation of celluloserich foods. The actions of gastric hydro
chloric acid are summarized in Table II.
Attempts in Case 20 to fragment the bo
lus in situ were unsuccessful for possibly
two reasons. Firstly the patient could not
tolerate a sufficient concentration of acid
in his jejunum to dissolve the bolus and ex
perienced burning epigastric pain, and sec
ondly the acid was being introduced some
three feet from the bolus. Whereas acid
would most probably fragment the bolus if
brought into direct contact with it, the pain
and the possible damage to the intestinal
mucosa it would cause may well preclude its
use.
D isc u ssio n

Food bolus obstruction is usually the re
sult of several factors:
(1) Intake of cellulose-rich foods either
in moderate or excessive amounts.
(2) Poor dentition or inadequate mastica
tion.11- 3S- 34
(3) Altered gastric physiology as a result
of a previous surgical procedure: (a) reduced
gastric acidity;28 (b) iack of pyloric func
tion and accelerated gastric emptying;9- 12(c) lack of antral milling action.9
(4) Aggregation of undigested food
masses into a bolus by intestinal peristaltic
and segmentation action.6- 9- 36
(5) Ingestion of dried fruits which pass
out of the stomach and swell in the small in
testine.8- 37
(6) Pathologic conditions of the intestine
such as adhesions causing either narrowing
or lack of distensibility of the intestine.
Food bolus obstruction exists in either
an acute or chronic form. In the acute form
the typical history is that of ingestion of
cellulose-rich foods with onset of obstructive
symptoms six to eight hours later following

I
I

No bezoar

a subsequent meal. In the chronic form,
usually seen after a gastrectomy, the patient
complains of crampy abdominal pains after
meals rich in cellulose. However, a whole
clinical spectrum is possible, from mild ab
dominal cramps, through partial small
bowel obstruction, to complete intestinal
obstruction.9- 35
Food bolus obstruction has been recog
nized since 1930 as a late complication of
partial gastrectomy9- 19- 12, 35. 38 an<j must
now be considered as a late complication
also of vagotomy and pyloroplasty. There
fore any patient who has had a gastric oper
ation must be considered a candidate for
food bolus obstruction even after many
years of good health. In these circumstances
the condition can be prevented by explain
ing to the patient his predisposition to such
an obstruction, stressing the importance of
good dentition and adequate mastication,
and suggesting that he avoid cellulose-rich
foods. Buchholz and Haisten39 have pre
pared a printed and illustrated instruction
sheet to be given to all patients who have
been subjected to gastric surgery.
Acute food bolus obstruction can be con
fidently diagnosed from a careful history
and an adequate physical examination, tak
ing special note of whether the patient has
had a previous gastric operation.
Once the diagnosis has been made we
suggest that a long intestinal tube (MillerAbbott or Dennis) be passed, and that meth
ods previously described be used.39 After
adequate small bowel decompression the
bolus may be demonstrated radiographi
cally using Gastrografin, which may encour
age its onward passage. If the tip of the
long tube is within a few centimetres of the
bolus, fragmentation in situ may be at
tempted by introducing dilute hydrochloric
acid or a preparation of an enterozyme
which acts upon cellulose.

May 197i.

161

FOOD BOLUS OBSTRUCTION

Should operation become necessary either
because of progressive abdominal signs or
failure of conservative treatment, the ab
dom en should be opened through a right
lower param edian incision, which facilitates
early exploration of the terminal ileum
where the bolus is usually arrested. The en
tire small bowel should be carefully searched
to exclude the presence of other food masses.
Enterotom y should be avoided if possible.
A fter division of any adhesions, the bolus
should be gently broken up manually and
milked onward into the cecum.

We wish to thank the Surgical Staff of St. Jo
seph’s Hospital, Toronto for their co-operation
in permitting their cases to be included this report.
Particular thanks are due to Drs. M. Baida, M.
Deitel and A. Lackey, the Department of Photo
graphy and Mrs. Shadd the Surgical Secretary,
for their assistance.
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A ddendum
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Through the courtesy of Dr. M. Deitel we
report another recent case of this condition.
A 51-year-old man with ill-fitting dentures
and with a history of crampy abdominal pains
had an operation for repair of a long-standing
hiatus hernia; a complete examination of the
small bowel was not performed. On the third
postoperative day he developed a small bowel
obstruction; radiographs showed dilated loops
of bowel and air fluid levels. A Dennis long
tube was passed, intubating the small bowel,
and the following day an injection into the
tube of Gastrografin displayed an intraluminal
defect consisting of two ovoid masses, one ap
proximately 9 cm in length and the other
slightly shorter. Beyond these larger masses
smaller, more irregular intraluminal filling de
fects were identified. A diagnosis was made of
obstruction due to food bezoars.
Four papain tablets were ground up and
mixed with the contents of two capsules of
Intrazyme in 50 ml of saline and the solution
was injected down the intestinal tube. It was
washed through the tube with a further 30
ml of saline. The patient then swallowed two
tablets of Entozyme in the belief that these
would contribute to enzymatic action. The tube
was clamped for four hours, then irrigated
with saline to maintain patency; suction was
applied for two hours. Instillations of enzymes
were repeated four-hourly four times daily. At
the end of 24 hours the tube began to advance
rapidly and a further Gastrografin injection en
abled it to be seen in the terminal ileum. The
contrast medium passed right through the
small bowel and no boluses were evident.
The patient admitted that he had passed stool
during the night before the radiograph was
taken. Recovery thereafter was uncomplicated.
We believe this is the first record of the
solution of food boluses in situ in the small in
testinal lumen.
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E V F \T R ? f
SURGICAL a d r e n a l e c t o m y o n t h e
VENTRAL PROSTATE AND OTHER ACCESSORY SEX GLANDS OF
THE MALE RAT *
B. G. MOBBS, P h .D .,f J. G. CONNOLLY, M .D.. F.R C S [Ens & Cl F A C S t
I. E. JOHNSON, B.Sc.t and J. DOORNEW AARD, B.A., R.T.’, t ..............

Toronto, Ont.
Summary: Aminoglutethimide (Elipten, Ciba)
was used to inhibit adrenal steroidogenesis in
rats, and its effects on growth and function of
the accessory sex glands were compared with
the effects of surgical adrenalectomy. Both the
drug and the operation brought about reduced
weight, citrate concentration and citrate con
tent of the ventral prostate as compared with
the values in control animals. Aminoglutethimide
also reduced the weight of the other accessory
sex glands, and the ribo- and deoxyribonucleic
acid content of the ventral prostate. Surgical
adrenalectomy did not affect nucleic acid con
tent of the ventral prostate. It was concluded
that both forms of treatment inhibited prostatic
secretory function, and that aminoglutethimide
also inhibited prostatic growth by an extra-adre
nal mechanism.
Resume: L'aminoglutethimide (Elipten, Ciba) a
ete employe pour inhiber chez le rat la genese
steroidique d'origine surrenale. Nous avons
compare les effets de cette medication sur la
croissance et la fonction des glandes sexuelles
accessoires aux effets d'une surrenalectomie
chirurgicale. Les deux moyens, tant la medica
tion que I operation, ont reussi a diminuer le
poids de la prostate ventrale, ainsi que sa con
centration et sa teneur en citrate, par rapport
aux animaux temoins. L'aminoglutethimide a
permis de reduire egalement le poids des autres
glandes sexuelles accessoires et la teneur en
ARN et en ADN de la prostate ventrale. L'ablation chirurgicale n'avait pas affecte la teneur
en acide nucleique de la prostate ventrale. Nous
avons done pu conclure que les deux modes de
traitement ont inhibe la fonction secretaire de
la prostate et, en outre, que le medicament a
inh;b§ la croissance de la prostate par un mecanisme extrasurrenal.
T h e drug aminoglutethimide (Elipten, Ci
ba) was withdrawn from use as an anticon
vulsant when it was shown to produce
♦Supported by the Ontario Cancer Treatment and
Research Foundation Grant 251.
fDepartment of Surgery, Division of Urology, The
Banting Institute, University o f Toronto, Toronto,
Ont.
tDepartment o f Surgery, Division o f Urology,
Women’s College Hospital, 76 Grenville Street,
Toronto, Ont.

adrenocortical insufficiency.1- 2 It was sub
sequently demonstrated that the drug sup
pressed synthesis of adrenal steroids by
blocking the formation of A 5-pregnenolone
from cholesterol.3- 4 Recently, this action
has been used as a means of suppressing
adrenal steroidogenesis in the treatment of
Cushing’s disease,3- 5- 6 hyperaldosteronism,
5 ectopic ACTH syndrome,7 metastatic adre
nal carcinoma,s’ 9 advanced breast can
cer3' 10 and advanced carcinoma of the
prostate.11 As the drug does not appear to
suppress the synthesis of testicular andro
gens,12 in carcinoma of the prostate it must
be combined with orchidectomy or estrogen
treatment. “Medical” adrenalectomy clearly
has advantages over surgical removal of
the adrenals, in that it can be used in pa
tients unfit to undergo the operation, and
treatment can be withdrawn if it is ineffec
tive.
In a preliminary paper,13 we reported
an investigation of the effects of ami
noglutethimide (AG) treatment on the pros
tate gland of rats, in which we demonstrated
that after treatment for a month the pros
tatic weights were significantly less than
those of untreated animals. We have now
investigated this effect further and have ex
amined some parameters of prostatic growth
and function in animals “medically” adrenalectomized with AG, in surgically adrenalectomized animals and in intact untreated
controls. In addition to the effect of treat
ment on the weights and histology of the
accessory sex glands and the testes, we
determined the concentration and total
amounts of nucleic acids and citrate in the
ventral prostate gland. Citric acid is well
known as a measure of functional activity
in the prostate gland.
M a t e r ia l s a n d M e t h o d s

Sixty, male, Wistar rats weighing approxi
mately 235 g were divided into three groups
of 20 animals. The rats in the first group
(A) were adrenalectomized and given \%

T A B L E I . __B ody

G roup
(no.
o f r a t8)
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and

O r g a n W e ig h t s

Body w eight
(Q)
I n it ia l

F in a l

fo r

C o n t r o l ( C ), E l ip t e n - T r e a t e d ( E )

V entral
prostate
(m g)

D orsolateral
prostate
(m g)

C o ag u latin g
(m g )

266.3 ± 52.9

311.7 ± 18.0a

186.8 ± 4 2 .5 »

178.7 ± 4 9 .2 a 9 2.9 ± 19.7b

334.2 ± 2 5 .9a

271.4 ± 3 2 .9 a 3 0 7.7 ± 51 .3 C 143.7 ± 2 9.6

234.9 ± 6.3 373.2 ± 21.6

E
(17)

229.8 ± 8.2

AD
(20)

237.0 ± 5.7

A d r e n a l e c t o m iz e d (A D ) R a t s *

S em in al
vesicles
(m g)
308.1 ± 3 0.0

125.4 ± 35.7

322.5 ± 41.8

C
(20)

and

Testes
(g )

A d re n a ls
(m g )

3.353 ± 0.10

4 3.3 ± 3.4

2 26.0 ± 2 9 .6 a 3 .172 ± 0.39
3 21.7 ± 4 9.4

9 0 .5 ± 9 .7 a

3.451 ± 0.32

* A part from th e prostate glands, th e weights are for paired organs. T h e m ean w eight ± S D is given. Significance of th e differences
between th e control and experim ental values was calculated by Stu d en t’s t te st. In d ices denote P < 0 .0 0 1 (a), P < 0 .0 1 (b ),
P < 0 .0 2 (c) and P < 0.05 (d). Absence of an index denotes th a t no significant difference w as found.

saline-5 % glucose instead of drinking water
for the remainder of the experiment. The
second group (E) received subcutaneous
injections of aminoglutethimide phosphate
in saline at a dose of 10 mg/100 g body
weight twice daily. This dose was shown by
Dexter et a l 4 to reduce the synthesis of corti
costerone by the rat adrenal to 20% of the
normal value after one hour. The third (con
trol) group of animals (C) received twice
daily injections of the same volume of
saline as the AG-treated group (0.2 ml/100
g body weight). Treatment was continued
for 30 days. Three of the AG-treated rats
died during the first two days of treatment.
The animals were weighed on day 1 of
treatment and on days, 7, 14, 21 and 30.
On day 30 the animals were sacrificed
by decapitation, and the ventral and dorso
lateral prostate glands, seminal vesicles,
coagulating glands, testes, and adrenals if
present, were removed and weighed. Ani
mals from the adrenalectomized group were
examined for adrenal rests, but none
were found. Representative portions of all
organs removed were fixed for histological
examination. The remainder of the ventral
prostate glands were frozen and stored at
-17° C until estimation of nucleic acids
and citrate could be carried out.
E stim a tio n of N u c l e ic A cids
After homogenization of the tissue in
cold trichloracetic acid, nucleic acids were
determined by the method of Schneider,14
with the modification that ribonucleic acid
(RNA) and deoxyribonucleic acid (DNA)
were determined on separate aliquots of the
homogenate. RN A was determined by a
modified orcinol reaction15 after extraction
with 0.5N perchloric acid (PCA) at 70° C

0

E l.pten -tre ote d

°

p< 6.001

Fig. 1.—Body and organ weights of AG-treated
and adrenalectomized animals expressed as per
centages of the control values.
and DNA was determined by the diphenylamine reaction16 after extraction with
1.0N PCA at 70° C.
E stim a t io n o f C it r a t e
The tissue was deproteinized by homo
genization in 0.5N PCA. After neutralization
with 1.0N KOH, citrate was determined by
a slight modification of the method of E ttinger,17 in which the oxidation and bromination of citric acid produces pentabromoacetone. The latter was estimated colorimetrically after reacting with alkaline
pyridine.
R esu l t s
Body and organ weights are presented
in Table I, and in Fig. 1 the weights in the
experimental groups are plotted as percent
ages of the control values. Both forms of
treatment reduced the weight gain of the
animals significantly, A G having a greater
effect than adrenalectomy. In the A G treated animals the weights of all the acces
sory sex glands were significantly lower
than in the control animals, the largest
reduction being in the ventral prostate
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A N D N U C L E IC A C ID C O N C E N T R A T IO N S AND T O T A L A M O U N T S IN V E N T R A L P R O S T A T E G L A N D S O P C O N TR O L ( C )
E l i p t e n - T r e a t e d (E ) a n d A d r e n a l e c t o m iz e d (A D ) R a t s *

Citrate

RNA

Group

[igll 00 mg.

[Lglgland,

C ..................................

108.9 ± 17.5
(8)

327.6 ± 63.3

E ..................................
A D ..........................

Vol, 17

84.6 ±
(5)

\iglmg

DNA
mg/gland

mg/gland

DNA

(6)

2.92 ± 0.38
(6)

0.990 ± 0.18

2.88 ± 0.61

(3)

3.60 ± 0.18d 0.637 ± 0.044
(3)

2.44 ± 0.35

4.17 ± 0.27a 1.138 ± 0.09
(4)

2.19 ± 0.41

2.81

± 0.53

9.34 183.3 ± 37.46

56.7 ± 20.8a
(8)

RNA

y.glmg

149.0 ± 46.6a

2.48
(4)

± 0.39

L f7 7 l
, re ™e. " u.mDers oi determ in atio n s earn ed o ut. F or citrate, determ inations were carried out on indi^ J or t h ® nucle>c acjd s i t was necessary to com bine tissue from each group in pools of 2 4 and 3 glands for each
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tig. 2.—Concentration and total amounts of ci
trate, RNA and DNA in the ventral prostate
glands of AG-treated and adrenalectomized ani
mals expressed as percentages of the control
values.
weight. The weights of the ventral pros
tates of the adrenalectomized animals
were also significantly lower than in
the controls but the coagulating glands
and seminal vesicles were not signifi
cantly different whereas the dorsolateral
prostate weights were larger than in the
controls. Neither treatment affected the testi
cular weights significantly. Aminoglutethimide treatment resulted in a large increase
in adrenal weight. This has been shown to
be due to continuous stimulation by ACTH
and to the accumulation of cholesterol.4
Histologically, the accumulated cholesterol
gives the adrenal cortex a foamy appear
ance. Apart from this, neither AG treatment
nor adrenalectomy had remarkable effects
on the histological appearance of the organs
examined.
The citrate and nucleic acid results are
presented in Table II and Fig. 2. Both
forms of treatment resulted in a lower con
centration of citrate in the ventral prostate
than in the control animals; this decrease

th e m ea" a

was more significant in the adrenalectomized
(AD) animals (P <0.001) than in the AGtreated group (P > 0.02 < 0.05). However,
owing to the smaller size of the AG-treated
glands, the amount of citrate present per
gland was reduced very significantly by both
treatments (group AD, P<0.001; group E,
P < 0.01). Neither the concentration nor
the total amount of RNA per gland was
affected by adrenalectomy, but again, owing
to the small size of the AG-treated glands,
the total amount of RNA per gland was
significantly less than in the controls. Both
treatments increased the concentration of
DNA, presumably because of the decrease
in concentration of other gland constituents.
The increase was significant after adrena
lectomy (P < 0.001) and less so after AG
treatment (P > 0.02 < 0.05). Adrenalecto
my had no significant effect on the total
amount of DNA per gland, but this was de
creased by AG treatment (P < 0.05). The
RNA:DNA ratio (based on mg./mg wet
weight) was not changed significantly by
either form of treatment.

•G

F
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D iscussion

It is clear from these results that both
adrenalectomy and AG treatment inhibited
increase in size and functional capacity of
the ventral prostate gland and that AG also
inhibited increase in size of the other ac
cessory glands. Gland function, as meas
ured by citrate concentration, was reduced
more by adrenalectomy than by AG treat
ment. Neither the number of cells per gland,
as measured by the amount of DNA pres
ent, nor the amount of RNA was affected
by adrenalectomy. However, AG inhibited
the growth as well as the functional ca-

■f
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ADRENALECTOMY IN THE RAT

pacity of the gland, as shown by the lower
amounts of both nucleic acids.
Since androgen secretion by the adre
nals is very slight in the uncastrated rat,18
the effects of treatment on the accessory
sex glands are not likely to be due to the
withdrawal of adrenal androgens. It seems
probable that the effect which the two
treatments had in common, i.e. reduction in
the amount of citrate present, is due to the
withdrawal of corticosteroids. This would
be more complete after adrenalectomy and
possibly accounts for the greater effective
ness of this treatment in reducing citrate
concentration. There is considerable evi
dence that the administration of ACTH or
corticosteroids has a stimulating effect on
the prostate, even in castrated animals,19'22
and particularly in the presence of prolactin
23'24 or insulin.25
This does not explain the greater effec
tiveness of AG treatment compared with
adrenalectomy in inhibiting prostatic growth
and increase in size of the other accessory
glands. No evidence has yet been reported
that AG affects testicular function, and
although the cholesterol-A-5-pregnenolone
step occurs in both adrenal and testicular
steroidogenesis, it is assumed that testicular
steroidogenesis is less sensitive to AG .12
However, it may be that in these experi
ments a partial blocking of androgen syn
thesis in the testes has occurred, resulting
in reduced stimulation of the accessory sex
glands.
Aminoglutethimide has been shown to
have metabolic effects other than those on
adrenal steroidogenesis. In man, an altera
tion in the extra-adrenal metabolism of cor
tisol has been found, resulting in a low
level of urinary metabolites relative to plas
ma levels.5- 8 Changes in testosterone meta
bolism have been reported in human sub
jects and in the rat. 7> 26-2 8 Thus, the
overall androgenic effect of testosterone and
its metabolites may have been different in
the AG-treated animals from that in the
controls. In rats, and in some children, AG
has a goitrogenic effect29'32 but no evi
dence of clinical hypothyroidism has been
found in adult patients.7- 27
It is concluded that both adrenalectomy
and AG treatment reduce the secretory
function of the ventral prostate gland in

the rat. This effect occurs in the uncastrated
animal and is presumably owing to the with
drawal of corticosteroids. Aminoglutethi
mide treatment is not merely equivalent to
surgical adrenalectomy but has additional
effects in suppressing the growth of the
accessory sex glands. These results support
the further investigation of the use of AG
in the treatment of carcinoma of the pros
tate in combination with orchidectomy or
stilbestrol treatment to eliminate stimula
tion by testicular androgens.
Elipten was kindly supplied by Ciba-Geigy
Corp., New Jersey.
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TRIANGULAR CERVICAL FLAP
FOR PRIMARY RECONSTRUCTION OF OROPHARYNGEAL
SURGICAL DEFECTS*
ROGER POISSON, M.D.. F.R.C.S.[C], F.A.C.S. and PIERRE FRANCHEBOIS, M.D., D.D.S.,
Montreal, Que
Summary: A cervical triangular flap, with its
axis over the external jugular vein, has been
used in 27 cases to reconstruct surgical oro
pharyngeal defects after composite operations
for advanced T2 and early T3 cancer of the
head and neck.
When properly used this flap gives good func
tional and cosmetic results. It permits a wider
margin of resection without the risk of being
unable to reconstruct the oropharyngeal cavity
properly. However, for extensive T3 and T4
lesions, when operable, the authors still favour
the forehead flap.
The use of the triangular cervical flap is a
relatively simple, rapid, and effective method of
primary reconstruction and adds very little to
the operating time. The authors feel that it
should be used more often in composite opera
tions.
Resume: Dans 27 cas de cancers de la cavite
buccopharyngee, dont le foyer primitif allait
du stade T2 avance au stade T3 precoce et qui
furent traites par des operations monoblocs,
necessitant une reconstruction primaire, les au
teurs ont utilise a cet effet, un lambeau cervical
triangulaire axe sur la veine jugulaire externe.
Employe a bon escient ce lambeau fournit
de bons resultats fonctionnels et esthetiques.
De plus, les faciiites de reconstruction qu'il
apporte, paraissent favoriser les exereses efficaces. Cependant, pour les lesions tres etendues mais encore operables (T 3 et T 4 ), les
auteurs restent fideles au lambeau frontal.
La methode de reconstruction primaire de la
cavite buccopharyngee par I'emploi d'un lam
beau triangulaire cervical est relativement sim 
ple, rapide, efficace et par surcroit ne prolonge
guere le temps operatoire. Esthetiquement parlant, elle n'entraine aucune deformite ou cica
trice ficiale, seulement une cicatrice cervicale.
Ce lambeau cervical triangulaire meriterait
d'etre mieux connu.

T he greatest cause of failure in the treat
ment of advanced cancers of the buccopha
ryngeal cavity is recurrence in the operative
"■From the Department of Surgery (Oncological
Service), Saint-Luke’s Hospital and University
of Montreal, Montreal, Que.
Presented at the Annual Meeting of tthe Amer
ican College of Surgeons, San Francisco, Calif.,
October 2, 1972, and at the Annual Meeting of
the Royal College of Physicians and Surgeons of
Canada, Montreal, Que., January 1974.

field, particularly around the primary site,
which has been initially treated either by
operation or irradiation, or a combination
of both.1 Less than 25% of patients with
cancer of the head and neck die of distant
metastasis. These neoplasms tend to kill by
local invasion, unlike cancers of the lung,
pancreas, ovaries, etc., which are inclined
to be systemic early in their clinical course.
In the buccopharyngeal cavity, according
to the American Joint Committee for Can
cer Criteria, the extent of disease is defined
by a TNM grouping and is determined on
the basis of findings at the initial examina
tion and is not altered thereafter.
The classification of the extent of the
primary tumour is as follows:
T ,—Tumour less than 3 cm in diameter
(less than 2 cm in the floor of the mouth)
or limited to one structure.
Tl>—Tumour 3 to 5 cm (2 to 4 cm in the
floor of the mouth).
T-j—Lesions larger than 5 cm (larger
than 4 cm in the floor of the mouth) and/
or considerable invasion of adjacent struc
tures.
T4—Massive tumour with extensive in
volvement of adjacent organs and/or osse
ous destruction.
Clinical metastatic cervical lymph-node
involvement is classified as follows:
N0—No palpable adenopathy.
N x—Homolateral adenopathy, mobile.
N2—Bilateral or contralateral adeno
pathy, mobile.
N;{—Homolateral or bilateral adeno
pathy, fixed.
Absence or presence of remote metastases
is denoted as M0 or M4.
The stage definitions are as follows:
Stage I—T j, T2 N0 M0 (small primary
lesions with no metastasis).
Stage II— T3, T4 N0 M o and T1; To N x
M0 (large primary lesions with no metas
tasis or small primary lesions with homola
teral mobile metastasis in the neck lymph
nodes).
Stage III—AU remaining cases.
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In the hope of improving the survival
rate for head and neck cancers in Stages II
and III we are using a combined treatment
consisting of intensive preoperative irradia
tion of at least 5,000 rads, given over a
period of five weeks on an ambulatory
basis, followed three to five weeks later by
radical operation.2 In patients considered
less likely to co-operate, these modes of
treatment are given in the reverse order.
Treatment by radiotherapy alone, reserving
operation for recurrences, may be increas
ingly justified in malignant lesions of the
larynx. However, this policy is fraught with
danger when applied to lesions more ad
vanced than T2 in the oropharyngeal cavi
ty, at least in our experience. By the time a
recurrence has become obvious its oper
ability may be seriously questioned, even
in patients kept under close surveillance.
Furthermore, the incidence of postoperative
complications in patients treated initially
with a cancericidal dose of radiotherapy
may be prohibitive.
Many failures in the surgical treatment of
tumours exceeding 4 cm in their greatest
diameter, with or without limited infiltra
tion, are due to a fear on the part of the
surgeon that he may be unable to reconstruct
adequately the oropharyngeal cavity, there
by creating an “oral cripple”. It must be em
phasized that excision of the primary tumour
should be as radical as if one were depend

V ol. 17

ing solely on surgical management, regard
less of whether preoperative or postoperative
irradiation is contemplated. Such wide re
section requires a greater sophistication in
reconstructive methods.
The first consideration in the surgical
treatment of head and neck cancer is to re
move all the tumour and the regional node
metastases,:i the second is to ensure the best
functional results possible, and the third is
to provide the best cosmetic effect. Further
more, the initial surgical procedure offers
the patient the best chance of cure.
The task of reconstruction is far easier at
the time of the resection than later, and
whenever possible it should be done by the
same surgeon. Bone should not be excised
unless the bone or periosteum is involved.
Multiple-staged plastic procedures should
be avoided. To allow major intraoral muco
sal wounds to granulate, or to fix the tongue
to the surgical defects, especially under ten
sion, gives rise to many complications not
sufficiently appreciated in the past. Split
skin grafts on intraoral stents are of limited
value and do not give ample soft tissue
coverage and lining.
During the search for better techniques
of reconstruction a number of procedures
have recently evolved which use tissue flaps
from surrounding areas. The more popular
of these, the lingual,4 the deltopectoral,5' 6
the forehead,” 10 and the cervical island

Fig. l.-A n inverted triangular cervical flap, the base of which is 5 cm wide, is outlined on each
side of the external jugular vein.
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Fig. 2.—The triangular flap is dissected deep to the platysma and elevated to the body of the

mandible.

In this paper we describe this technique
flap,11 all have advantages and inconveni
and
present our experience with the “tri
ences, and may be useful in individual cir
angular
cervical flap” in the primary re
cumstances.
The forehead flap is excellent for exten construction of buccopharyngeal surgical
sive lesions (advanced T3 and T 4), espec defects.
ially in men. In women, or when the lesion
T e c h n iq u e
is less extensive (advanced T2 or in early
An inverted triangular cervical flap, the
T 3), we have been somewhat reluctant to
use it because of the scarring of the flap base of which is 5 cm wide and placed over
site. (It deserves mention that with the in
creasing equality in the smoking and drink
ing habits of men and women, the incidence
of oral cancer in the latter is rising.)
The cervical island skin flap as described
by Farr, Brunet and Die11 is of interest;
however, in heavily irradiated patients, we
have encountered several instances of total
or near total necrosis of the flap, which re
quired repeated debridements, followed by
delayed healing by secondary intention and
marked fibrosis, even though care had been
taken not to suture deeply at the base of the
buried flap. We have almost abandoned
the use of the cervical island skin flap, be
cause most of our patients receive intensive
preoperative irradiation as described above.
Instead we use a similar type of flap; we
do not, however, denude its base, but leave
the entire skin of the flap intact and tube
its base loosely around a controlled orocutaneous fistula below the mandible, as sug
gested by Farr. Brunet and Die.11 The fis
Fig. 3.—The primary tumour is excised in con
tula is excised and the tract closed two to tinuity, with a marginal mandibulectomy in this
particular case.
three months later.
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theF momhT| 1n finP,h P!‘SSed un(^erneath, ,he mandible and turned so that its skin surface faces inside
tne mouth to rill the gap in the oropharyngeal cavity.

the inferior aspect of the mandible, is out
lined on each side of the external jugular
vein, which serves as the bisector of the
triangle. This triangle is gradually narrowed
so that its apex is at least one inch below
the clavicle (Fig. 1 ). The external jugular
vein is tied just above the clavicle. The tri
angular cervical flap is dissected so as to
include the platysma and elevated to the
body of the mandible (Fig. 2 ). When heavy
irradiation has been given only skin hooks
or damp sponges should be used in handling
the flap. Great care must be taken not to in
jure the external jugular vein.
Unless the stage, the site of the tumour,
or the presence of metastatic cervical nodes
preclude it, only the common facial vein is
isolated and divided quite low, leaving the

anterior and posterior facial veins attached
to the external jugular vein. All these veins
should be preserved at the base of the tri
angular flap, along with the divided external
maxillary artery and the intact mandibular
branch of the facial nerve overlying the fa
cial vessels. Admittedly, by doing so, one
may leave some metastatic nodes in this re
gion, especially in cases of anterior lesions in
the mouth; however, one has to balance the
advantages and disadvantages of this tech
nique, which is devised to preserve the best
arterial blood supply and especially the best
possible venous return in the flap. Suspect
nodes in the inferior portion of the parotid
gland or along the mandibular branch of
the facial nerve can easily be excised and
frozen sections examined histologically.

Fig. 5.—After section of the distal tip, the usable portion of the flap is sutured in the desired position without tension.
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The anterior and posterior cervical flaps
are then undermined and a radical neck dis
section is performed, usually in the classical
fashion. Occasionally the spinal nerve is
preserved. The primary tumour is excised
in continuity, with or without a mandibulectomy and with or without a lower cheek
flap, depending on circumstances. We do
not hesitate to add a segmental or a margi
nal mandibulectomy (Fig. 3 ), but bone is
never excised merely to facilitate closure.
The triangular cervical flap is passed be
neath the mandible and rotated so that its
skin surface is directed inside the mouth to
fill the gap in the oropharyngeal cavity
(Fig. 4). The tip of the cervical flap is ex
cised until free bleeding is encountered
(usually about the distal IV2 inches of the
flap). A single row of interrupted Dexon
4-0 mattress sutures on cutting needles is
quite satisfactory for the closure. Relatively
small bites, but including full thickness of
the skin, are taken in the flap and a more
generous thickness of the tissues to be cov
ered; they should be one centimetre apart
at the most. There must be no tension what
ever and no gaps should be left in the su
ture line (Fig. 5). In the case of oral lesions,
the medial edge of the turned-in triangular
flap is usually sutured to the cut surface of
the tongue and the lateral edge of the cut
mucosal surface of the lower cheek flap
in order to cover the intact or partially re
sected mandible. The cervical triangular flap
may be turned and positioned in the oro
pharyngeal cavity wherever desired. The
flap is tubed loosely at its base; this creates
a controlled fistula (Fig. 6).
If it has been divided, the inferior lip is
reconstructed as usual. A temporary cervical
tube esophagostomy is performed through
a stab wound in the pyriform fossa. A
tracheostomy is done routinely. Suction
drainage of the wound with siliconized plas
tic catheters is used in all cases for about
a week.
Upon the completion of careful hemosta
sis and massive saline irrigation, the neck
is closed in two layers, starting from below.
Care must be taken not to encroach on the
base of the cervical flap. No dressing is ap
plied. Antibiotics are given before, during
and after the operation, usually for a total
period of 24 hours.
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Fig. 6a

Fig. 6b
Fig. 6.—The flap has been tubed loosely at its
base thus creating an iatrogenic fistula just above
the vertical suture line in the neck.

Two to three months later the orocutaneous fistula is closed. The tubed cervical
flap is incised in a circular fashion at both
ends. A few stitches are needed to suture
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Fig- 7.—Two to three months later, the orocutaneous fistula is closed. A part o f the retrieved
base of the flap can be salvaged and resutured in
the neck in a “V ” shape fashion.

the severed flap inside the mouth. In the
neck, the tubular part of the flap is incised
lengthwise to facilitate its undermining and
retrieval. A good part of the base of the flap
can be salvaged; this is a bearded area in
men and it can be brought back into the
neck and resutured in its original position in
a “V” shape (Fig. 7). If there is any pulling
on the corner of the mouth, this step will
ease the tension and improve the cosmetic
results. While excising the fistula, great care
must be taken not to injure the mandibular
branch of the facial nerve.
Even for this minor operation, it is wise
to provide continuous suction drainage for
two days because of the small dead space
left behind. In a few of our early cases,
cellulitis with the danger of cutaneous ne
crosis was observed when this precautionary
measure was omitted.
C l in ic a l E x p e r ie n c e a n d R e s u l t s

Since the end of 1969, 27 such composite
operations utilizing a triangular cervical flap
have been performed in our institution. Ten
of the patients were women, 17 were men.
Eight patients did not receive preoperative
irradiation.
In this series the area involved was as
follows: (1) the entire anterior floor of the
mouth (Fig. 8) with preservation of a small
bony mandibular bridge; the lesion ranged
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Fig. 8.—An entire anterior floor-of-the-mouth
reconstruction six weeks postoperatively.

between advanced T2 and moderately ad
vanced T3 stages (eight patients); (2) the
entire anterior floor of the mouth with sub
total mandibulectomy for an osteogenic sar
coma of the mandible, and a recurrent squa
mous cell cancer of the inferior lip with
cutaneous invasion; the reconstruction was
performed with forehead and triangular cer
vical flaps overlapping each other, the latter
covering the inside of the mouth; (3) the
lateral floor of the mouth after hemiglossectomy for T3 lesions of the lateral middle
third of the tongue (six patients); (4) the
entire lateral wall of the oropharynx for
T3 lesions of the tonsillar area, some with
downward extension (six patients). The as
cending ramus of the mandible was sec
tioned and rewired in two of these and
excised in the others; (5) the vallecula with
the base of the tongue and part of the lateral
wall of the oropharynx and posterolateral
floor of the mouth (Fig. 5), all T3 lesions
(three patients); (6) a supraglottic defect
with wide local excision for a pedunculated
malignant mixed tumour of a minor salivary
gland; (7) an extensive lesion of the valle
cula involving the epiglottis on its lingual
side and requiring a supraglottic resection.
Major necrosis of the entire triangular
cervical flap was encountered only once,
probably owing to a technical error. Usually
this flap soon assumes a pinkish colour, just
a shade paler than the normal surrounding
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mucosa. The flap generally heals well, prob
ably because it is not under tension. Al
though this flap is not wide in its usable
portion, 2 to 4 cm at the most, this modest
width is of great help in repairing mucosal
defects, leaving the tongue free and preserv
ing a near-normal oropharyngeal lumen. It
does not provide as great a surface area as
the forehead flap, but certainly more than
the tongue flap and thus permits wider re
section. The triangular vertical flap is
healthier and safer than the cervical island
flap in heavily irradiated patients. In one
patient, who had received more than 6,000
rads of preoperative irradiation for a cancer
of the oropharynx, the orocutaneous fistula
was fashioned very loosely on purpose, with
out trying to reduce its external orifice, and
primary healing was obtained.
The iatrogenic fistula is not a problem in
the postoperative period, although some pa
tients have to keep it closed when they swal
low liquids. Patients who have received pre
operative radiotherapy have a markedly re
duced flow of saliva, and dribbling between
meals occurs only in non-irradiated patients.
Although preoperative irradiation does
not invariably effect depilation in male pa
tients, usually after 5,500 rads the area of
the neck used to fashion the flap is practical
ly hairless. Furthermore, the bearded area
is mainly in the tubular part of the flap
which is later retrieved and replaced in the
neck. Perhaps because 10 of our patients in
this small series were women we have not
had any serious problem with hair in the
mouth.
In the neck, we have observed on several
occasions small areas of cellulitis and ne
crosis just below the fistula at the corners
of the anterior and posterior cervical flaps;
these have not constituted a major difficulty.
We have had several cases of cheloid forma
tion in the vertical scar where the flaps are
usually closed under a little tension.
So far we have had only one postoper
ative mortality, due to secondary hemor
rhage following the entire necrosis of the
flap. We lost two patients from intercurrent
disease. There were five local recurrences,
including those in the two patients who had
a combined reconstruction with a forehead
and a triangular cervical flap (they are
alive but not cured).
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These relatively good results are mainly
owing to the reservation of this technique
for only moderately advanced lesions. Also,
several of the patients were operated upon
only during the last 18 months, so that the
period of follow-up is comparatively brief.
The postoperative course of these patients
has been very satisfactory. The disability in
swallowing depends on the extent of the
resection and on its site. Five patients have
difficulty in initiating deglutition. The func
tional results appear to be improved, with
fewer early and late sequelae, over those
obtained with the non-flap method of re
construction.
The hospital stay averages two to three
weeks.
The length of follow-up (maximum four
years and, in the majority, less than 18
months) and the small number of cases do
not allow firm conclusions as to tumour
control, but these are so far encouraging.
In dealing with the more advanced T3
and T4 lesions considered still operable, a
forehead flap was used. More than half of
these patients have either died or shown
evidence of local recurrence. Flowever, this
group is obviously not comparable with the
one whose results are reported above.
D iscussion

This technique of primary reconstruction
of surgical oropharyngeal defects by means
of a triangular cervical flap has several ad
vantages :
(1) It leaves a mobile residual tongue.
(2) It preserves the oropharyngeal lu
men.
(3) It renders unnecessary bony resec
tions, used often in the past merely to fa
cilitate closure.
(4) It permits the use of pull-through
procedures with acceptable cosmetic (Figs.
9 and 10) and functional results without
reducing the amount of resectable tissue. In
general, the amount of available flap en
courages the wider removal of tissue.
(5) The method is relatively simple and
rapid and allows resection and reconstruc
tion on the same occasion by a single team
of surgeons without adding much to the
operating time.
(6) The triangular cervical flap can be

174

THE CANADIAN JOURNAL OF SURGERY

turned and positioned wherever desired in
the oropharyngeal cavity.
(7) The functional results with respect
to swallowing and speaking appear to be
improved over those of alternative tech
niques.
(8) The temporary controlled fistula re
quires no special management in the post
operative period; leakage of the saliva occurs
only in non-irradiated patients.
(9) The problem of hair in the mouth
has not been encountered because of the
depilating preoperative irradiation and be
cause the bearded area is mainly in the
tubular part of the flap which is subsequent
ly replaced in the neck.
(10) Esthetically no cosmetic alteration
of the flap site or facial deformity occurs;
there is scarring only in the upper part of
the neck.
(11) The procedure provides a certain
bulk of living tissue which helps preserve
the normal contour of the face on the side
of the composite operation, especially if
segmental or hemimandibulectomy is re
quired. We are inclined to use this technique
more and more, mainly in patients in whom
previously the tongue flap or the cervical
island flap would have been used.
This technique also has several disad
vantages:
(1) It leaves a visible vertical scar in the

Fig. 9.—The same patient as in Fig. 8, one year
later.
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Fig. 10.—A case similar to that shown in Fig. 8.
I here is no facial deformity, only a vertical scar
in the neck.

neck (Figs. 7 and 10). (Normally, we fa
vour transverse and parallel cutaneous inci
sions of the McFee type; we have not been
able to use a horizontal cervical triangular
flap.)
(2) It is necessary to perform a classical
radical neck dissection with removal of the
internal jugular vein along with the sternocleidomastoideus muscle in order to per
form primary closure of the neck. However,
many of these patients have palpable lymph
nodes and usually require a classical neck
dissection because of the presence of can
cer, with or without preservation of the
spinal nerve, depending on the stage of the
disease.
(3) It cannot be used in more advanced
lesions (advanced T3 or early T4) especial
ly if these are situated posteriorly in the
oropharyngeal cavity. In such cases, the
forehead flap provides more surface, more
bulk and better vascularization and is com
pletely hairless even when preoperative ir
radiation has not been given.
(4) Because the flap has been irradiated,
it must be handled with the utmost care to
avoid trauma.
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It is obvious that neither radical surgery
nor radiotherapy is the definitive answer to
the problem of head and neck cancer; these
modalities are still the best so far available,
especially when combined, for Stage II and
III lesions. However valuable, radiotherapy
does not control advanced T2 and T3 can
cerous lesions of the oropharyngeal cavity
as often as we are sometimes led to believe,
and radical operation should not, as a rule,
be used solely for salvaging the failures of
the radiotherapy. Further prospective and
well-controlled studies may some day throw
light on these complex problems.
Curing the disease is gratifying but one
should attempt more than this. The type of
reconstruction selected should not only en
able the patient to stay alive, but also allow
him to function as normally as possible and
to look socially acceptable. For some of
these unfortunate patients the triangular
cervical flap satisfies these requirements.
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1. M acC omb WS, F letcher GH: Cancer of
Head and Neck, Baltimore, Williams &
Wilkins, 1968

175

2. R ush FB, G reenlaw RH , editor: Cancer
Therapy by Integrated Radiation and
Operation, Springfield III, Thomas, 1968
3. M artin HE: Surgery of Head and Neck
Tumors, New York, Hoeber, 1957
4. C onley JJ, D e A mesti F, P ierce MK: Use
of tongue flaps in head and neck surgery.
Surgery 41: 745, 1957
5. Bakamjian V, Littlewood M: Cervical
skin flaps for intraoral and pharyngeal
repair following cancer surgery. Br J
Plast Surg 17: 191, 1964
6. Bakamjian V: Total reconstruction of pha
rynx with medially based deltopectoral
skin flap. N Y State J M ed 68: 2771,
1968
7. H oopes JE, E dgerton MT: Immediate
forehead flap repair in resection for oro
pharyngeal cancer. A m J Surg 112: 527,
1966
8. M cG regor LA, Reid WH: Use of temporal
flap in primary repair of full-thickness
defects of cheek. Plast Reconstr Surg 38:
1, 1966
9. P oisson R, F ranchebois P, H akstian RW:
Reconstruction primaire de la cavite
bucco-pharyingee par le lambeau frontal
retro-zygomatique. Union M ed Can 99:
877, 1970
10. T erz JJ, L awrence W : Prim ary recon
struction of oropharyngeal surgical de
fects with forehead flap. Surg Gynecol
Obstet 129: 533, 1969
11. F arr HW, Brunet GJ, D ie A: Cervical is
land skin flap repair of oral and pharyn
geal defects in composite operation for
cancer. Am J Surg 118: 759, 1969

X X X III

V o l. 17

The big difference in
nitrofurantoins

(nitrofurantoin macrocrystals)

nsules

Less Nausea:
U n iq u e c o n tro lle d large crystal size provides
a p p re c ia b ly in cre ased gastrointestinal
to le ra n c e with all the advantages of a proven
a n tim icro b ia l in the control of urinary tract
in fe c tio n s —(pyelonephritis, pyelitis and
c y s titis—due to su scep tib le organism s).

There is only one
nitrofurantoin...MAC
EATON makes it.
W hen yo u p re scrib e M acrodantin, you do so with the
k n o w led g e that it is backed by the reputation of a major,
e x p e rie n c e d pharm aceutical com pany w here p rid e of
co v e ry p ro v id e s the vital assu ran ce of continuing
dependability.
Complete prescribing information available on request,

I

© O r ig in a to r s a n d D e v e lo p e r s o f th e N itro fu ra n s
E A T O N LA B O R A T O R IE S
D iv is io n o f N o rw ic h P h a rm a c a l C o m p a n y L td .

• T ra d e m a rk

w ays
to g iv e y o u r
v ita m in -d e ficie n t
p o tie n to d o ily
th e ra p e u tic s u p p ly
o f v ita m in C:

wa
mm

. ’ 2 7 b a k e d p o ta to e s nSonda%
• o r o n e A llb e e w ith C -5 5 0 .
f-

Postoperative care, acute infection, long-term illness or convalescence-whenever a
nutritional supplement is indicated, remember Allbee with C-550. One capsule daily
gives your patient as much Vitamin C as 27 baked potatoes, skins and all, and full
therapeutic amounts of the B-complex vitamins, including as much niacin as 2 pounds
of sirloin steak. Allbee with C-550 is available at pharmacies on your prescription or
recommendation in bottles of 30,100, and 500.
For complete prescribing information, consult product literature or the Compendium.

A. H. Robins Co. of Canada, Ltd., Montreal, Quebec.

/I'H'J^OBI NS

176

THE CANADIAN JOURNAL OF SURGERY

Vol. 17

NECESSITY FOR ELASTIC PROPERTIES IN SYNTHETIC
ARTERIAL GRAFTS *
ERIC R. GOZNA, M.Eng., WILLIAM F . MASON, M.D., F.R.C.P.[C], ALLAN E.
MARBLE, M.Eng., DAVID A. WINTER , Ph.D. and F. GERARD DOLAN, M.D.,
F.R.C.S.[C], Halifax, N.S.
Summary: Angiography of the anastomotic sites
of synthetic arterial grafts was undertaken to
compare graft and host-vessel distensibility
properties. Results indicate that whereas the
major arteries of the human body typically show
diameter variations of greater than 10%, arterial
prostheses currently used in cardiovascular sur
gery show diameter variations of the order of
1%. This implies that the prostheses have
moduli of elasticity less than 10% of those of
host arteries. The hemodynamic consequences
of these large distensibility differences at the
anastomotic site could be one reason for the
high incidence of graft failure due to thrombosis
and suture line disruption. W e can no longer
afford to ignore the factor of distensibility when
discussing the design criteria for arterial grafts.
Resume: IMous avons procede a des examens
radiographiques des greffes arterielles synthetiques, au siege des anastomoses, en vue de
comparer I'elasticite des protheses greffees a
celle des vaisseaux de I'hote. II appert de cette
etude que les arteres principales du corps humain presentent des variations diametrales de
I'ordre de 1%. De sorte que les arteres greffees
ont une elasticity inferieure a 10% de celle des
arteres de I'hote. Les consequences de ces
grandes differences d'elasticite, au niveau des
anastomoses pourraient expliquer partiellement
la frequence elevee des echecs des greffes, par
thrombose et par rupture de la ligne de suture.
II ne nous est plus permis d'ignorer I'importance de ce facteur d'elasticite dans la discus
sion des criteres qui s'imposent lors de la con
ception des greffes arterielles.

T h e failure of synthetic vascular grafts as
a result of thrombosis and anastomotic
aneurysm formation is common. In the past,
modifications and improvements in graft de
sign have been concerned with strength and
healing qualities rather than with specific
consideration of circumferential distensibi
lity. Recent reportsi-s 0f large diameter
*From the Departments of Surgery and Radio
logy, Dalhousie University and the Victoria
General Hospital, and the Department of Elec
trical Engineering, Nova Scotia Technical College,
Halifax, N.S.
Reprint requests to: Professor A. E. Marble,
Room 13K, Sir Charles Tupper Medical Building,
Dalhousie University, Halifax, N.S.

variations (greater than 10%) for the ma
jor arteries of the body and the observation,
reported here, of marked differences be
tween host-vessel and graft distensibility,
would indicate the need to consider this
property in the design of arterial grafts.
M ethod

In our centre, where more than 200 pe
ripheral vascular grafting procedures are
done annually, a number of patients with
patent grafts return to hospital at various
times because of occlusive vascular disease
in another area of the body. During routine
clinical angiography, information was ob
tained on the diameter variations in the area
of the anastomosis of these patent grafts.
Over a period of nine months 14 arterial
grafts were studied— 12 woven Dacron
grafts and two saphenous vein autografts.
The synthetic grafts were iliofemoral in
eight cases, aortofemoral in two, thoracic
aortic in one, and aortic bifurcation in one.
The saphenous vein autografts were both
femoropopliteal.
Routine cineangiography was carried out
at 60 frames/sec using a General Electric
Fluoricon 11 x-ray unit equipped with a
nine-inch image intensifier and a 35-mrn
cine unit. Test models were used to verify
the accuracy of measurements and to en
sure adequate frequency response and sam
pling rates.4 Using the Seldinger technique,
an intra-arterial catheter was inserted to a
point well above the anastomosis, and 15
ml of meglumine diatrizoate 52.5% (Renografin 60, Squibb) was injected by hand
through the catheter. X-ray cameras were
placed in a fixed position over the region of
the anastomosis to allow simultaneous meas
urement of graft and artery distension.
Artery and graft diameters approximately 2
cm above and below the upper and lower
sites of anastomosis were measured from
cine projections, using a Tagarno 35 pro
jector. Measurements were made at both
maximum (Dm) and minimum (Do) diame
ters for the first two or three consecutive
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TABLE I.—D iameter Variations of Graft and
H ost Artery at the L ower Anastomosis of
E ight I liofemoral Woven D acron G rafts
Distension (%)
Patient
no,
i
2
3
4
5
6
7
8

Brachial
Artery pressure {mm Hg)

Time*

Graft

1
1
2
10
10
19
19
36

6.0
5.1
1.5
1.0
1.0
0.8
1.3
1.0

12.5
10.0
15.7
12.5
12.5
11.0
8.7
13.3

2.2

12.0

Average

160/80
115/80
130/70
160/80
160/90
150/86
130/80
154/90

’M onths after surgical implantation of graft.

beats after contrast medium was injected.
There was no significant beat-to-beat varia
tion and the average value of the diameter
(AD = Dm — Do) was used for analysis
The percentage variation in diameter
(PVD) was calculated as follows:
A D X 100
PVD
Do
Since the host vessel and graft at the line of
anastomosis are subjected to the same pulse
pressure, comparison of simultaneously rec
orded vessel and graft diameter variations
indirectly yields a measurement of the rela
tive modulus of elasticity of these two struc
tures.

Fig. 1.—Lower anastomosis of a saphenous vein
autograft and popliteal artery 15 months after
implantation. Graft and host-vessel distension are
9.0% and 8.5% respectively.

Anastomotic aneurysms had developed
at the lower end of the two synthetic grafts,
namely a thoracic aortic graft (Fig. 2 ) and
an aortic bifurcation graft (Fig. 3). The mo
dulus of elasticity of the two grafts was
respectively 15 % and 7 % that of the host
vessels.
Thrombotic plaque formation could be
demonstrated radiologically near the anas-

R esults

For the 12 woven Dacron grafts the
average diameter variation of the host vessel
was 11.3% (range 8.7% to 15%) and of
the synthetic grafts was 1.1% (range 0.7%
to 6% ); the graft pressure-strain elastic mo
dulus was therefore less than 10% that of
the host vessel.
Table I shows the diameter variation on
both sides of the lower anastomosis of the
synthetic right iliofemoral grafts. One month
after operation the graft diameter variations
were from 6.0% to 5.1% , but beyond two
months they were consistently less than
1.5%. In the two patients with autografts,
however, 10 days and 15 months after op
eration the diameter variations were rough
ly equal in the graft and host arteries (Fig.
1), implying that the elastic characteristics
of the saphenous vein better approximate
those of the host vessel.

I
VESSEL

^

P V D 8.7%

GRAFT
P V D 1.3%
Fig. 2.—Arteriogram of the upper end of a Da
cron aortic graft 13 months after implantation.
Percentage variation in diameter (PVD) of graft
and host vessel is shown. A false aneurysm de
veloped at the site of anastomosis.
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on in vitro measurements. If such a differ
ence may result in suture-line stress, then a
difference of the order of 9.8% (Table I)
should certainly be significant.
Another feature peculiar to the use of
synthetic grafts in the management of
atherosclerotic disease is the predilection to
suture-line disruption at the distal anasto
mosis. It has been reported8 that the dis
tensibility beyond an area of atheroma is
greater than that of the healthy vessel by a
factor of 120%. Using a synthetic graft to
bypass an area of atheroma necessitates
a distal anastomosis in this highly disten
sible region, thereby increasing the likeli
hood of suture-line stress and disruption
at this point.
Turbulence and Wall Damage

Fig. 3.—False aneurysm formation at the site
of insertion of a Dacron aortic bifurcation graft
one year after implantation. Diameter variations
of graft and host vessel were 1% and 15.7%
respectively.

tomotic line of all the synthetic grafts stu
died. The presence of these plaques was
later verified at operation.
D iscussion

The above results indicate that synthetic
grafts have elastic properties far different
from those of the host vessel. The possible
hemodynamic consequences of these large
distensibility differences will be considered
below under a number of headings.
Suture-Line Stress
Eiken,7 in 1961, drew attention to graft
distension properties, pointing out that the
formation of fibrous tissue within the syn
thetic mesh resulted in a loss of elasticity.
Schultz8 and Hokanson9 used strain gauges
to measure distension of arterial grafts ex
perimentally. Both made reference to the
difference between host-vessel and graft
distension, claiming that this could produce
undue stress at the suture line. However,
their findings of host-vessel and graft disten
sion differences of less than 3% were based

In our experience the presence of a mur
mur and palpable thrill at the anastomosis
of synthetic grafts is a common clinical find
ing. It is possible that the transition between
the rigid arterial graft and the distensible
host vessel may act as a turbulence genera
tor. With this in mind one must consider
the association between turbulence and ves
sel-wall damage as a mechanism in produc
ing weakness at the anastomosis site. It has
been shown that turbulence produces oscilla
tions of the vessel wall10’ 11 and that highand low-frequency vibrations can damage
collagen1- and elastin,13 resulting in weak
ness and dilatation. Increased velocity gra
dients such as occur with turbulence are re
ported to cause vascular endothelial
changes.11 Hence turbulence can damage
the three major components of the large
elastic vessels (collagen, elastin and endo
thelium). These alterations in the physical
characteristics of an already diseased vessel
may result in propagation of the original
atheromatous process or the production of
an anastomotic aneurysm.
Turbulence and Thrombosis
Thrombotic plaque formation, the com
monest complication of arterial grafting,
often occurs at the site of anastomosis (Fig.
4). Eiken7 has shown experimentally that
thrombotic deposits occur on luminal sur
faces at sites of turbulence. Others13’ 16
have demonstrated that zones of high shear
and of boundary layer separation predispose
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been mainly unsuccessful because strength
and durability were sacrificed for elasticity.
In 1958 Szilagyi. Whitcomb and Shonnard
17 reported findings on an elastic Dacron
prosthesis which was distensible but tended
to be subject to “slippage” and unravelling.
In spite of these limitations, animal experi
ments using long aortic bypass implants
showed excellent long-term patency rates
and retention of the initial tensile strength.
C o n c l u sio n

Fig. 4.—Graft and host-vessel distensions at the
upper anastomosis of a Dacron iliofemoral graft
10 months after implantation. Diameter variations
of graft and host vessel are 1% and 12.5% re
spectively. A thrombotic plaque has formed at
the anastomotic site.

to the formation of thrombi. The question
that remains unanswered is whether the
transition from a distensible vessel to a nondistensible graft can produce these condi
tions.
Saphenous Vein Autografts

The saphenous vein is one of the few
tissues than can be readily used to replace
diseased arteries of similar diameter and is
the only truly distensible graft in use today.
It has been reported1’ to have a distensibility
six times that of the knitted Dacron graft.
Autogenous vein grafts are also the closest
available to an ideal replacement vessel,
having the lowest incidence of thrombosis
and suture-line disruption and little tenden
cy to aneurysm formation at either proximal
or distal anastomosis. Comparison of these
results with the ones presently being ob
tained using synthetic arterial grafts would
further indicate the need to incorporate
host-vessel distensibility as a parameter in
the design of arterial grafts.
Elastic Grafts

Only a few investigators17- 18 have at
tempted to incorporate elasticity in the de
sign of arterial grafts. These attempts have

Simultaneous angiography of the anasto
motic sites of synthetic grafts shows the
average variation to be greater than 10%
in the major arteries and 1% in the prostheses. It would appear that the incidence
of thrombosis and suture-line disruption
would be lower if synthetic grafts were de
signed to possess distensibility comparable
to that of the host vessel.
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PERFUSION OF THE ISOLATED LUNG: THE ROLE OF GLUCOSE AND
INSULIN IN THE PERFUSATE*
DENNIS L. MODRY, M.D., DENNIS W. JI RSCH, M.D., M.Sc., Ph.D.,+ GENE BOEHME,
M.D., R. LEIGHTON FISK, M.D., Ph D. f and CECIL M. COUVES, M.D., F.R.C.S.
[Edin.&C], F.A.C.J i.,J Edmonton, Alta.

Summary: The authors describe a method which
routinely preserves ex vivo autologously per
fused pulmonary lobes for nine hours and for
as long as 14 hours. The addition of glucose and
insulin appears beneficial in maintaining the in
tegrity of the isolated normothermic blood-per
fused canine lung. Glucose and insulin addition
is reflected in perfusate and tissue biochemistry.
Resume: Les auteurs decrivent une methode
permettant de conserver ex vivo des lobes pulmonaires perfuses dans du sang autologue, durant une periods variant de neuf a 14 heures. II
semble que I'addition de glucose et d'insuline
ait une action benefique pour maintenir I'integrite du poumon canin isole, perfuse dans du
sang normotherme. L'addition de glucose et
d'insuline se reflete dans le perfusat et dans la
biochimie tissulaire.

M a in t e n a n c e of a biochemically physio

M ethod

Operative Technique
Sixteen mongrel dogs weighing between
22 and 32 kg were anesthetized with so
dium diabutal, intubated with a cuffed
endotracheal tube and ventilated using a
Bird Mark VII respirator with 100% oxy
gen-air mixture. Ringer’s solution, 200 to
300 ml, was infused into the cannulated
right femoral vein of each dog during the
procedure. Clean, but not aseptic, tech
nique was used.
Through a sixth interspace thoracotomy
the right upper pulmonary lobe was iso
lated and removed. Following anticoagula
tion of donor animals (3 mg/kg sodium
heparin by intravenous injection), the left
lower pulmonary lobe was removed and
the dog simultaneously exsanguinated.
Long cuffs of bronchus, pulmonary artery
and a cuff of atrium with the left inferior
pulmonary vein were carefully preserved.

logical environment is essential for pre
servation of the lung by long-term normo
thermic ex vivo perfusion. Although many
A pparatus
studies have described organ perfusion sys
tems10 for physiological investigation, or
The University of Alberta Organ Per
for preservation purposes, the concept of fusion Apparatus,*1 designed to simulate
biochemical perfusate control in isolated intrathoracic hemodynamics and environ
lung preservation has not been adequately ment, was used in all 16 animals. The
investigated.
isolated, left, lower pulmonary lobe was
Previous research in our laboratory has placed in a normothermic humidified
shown that perfusate glucose is not meas chamber, the pulmonary artery, vein and
urable after three to five hours of normo bronchus were cannulated and the cham
thermic blood perfusion of isolated canine ber was sealed. The bronchus was cannu
lungs.7 This study was designed to evalu lated with a cuffed endotracheal tube to
ate the functional, biochemical and mor prevent obstruction of lymph drainage.
phological effects of maintaining physiolo Normal negative ventilating pressures were
gical blood levels of glucose and insulin maintained by means of continuous vac
in mechanically supported canine pulmo uum and a phase-adjustable Harvard respi
nary lobes.
■;! rator pump. Normal positive venous pres
sures were simulated by means of an
adjustable venous reservoir, with a photo
cell attachment controlling blood level.
*From the Surgical-Medical Research Institute,
and the Department of Surgery, The University of
Partial pressures of oxygen (Po2), carbon
Alberta, Edmonton, Alta.
dioxide (Pco2) and pH were controlled in
fFellow, Medical Research Council of Canada.
the extracorporeal circuit by a Travenol
bubble oxygenator through which nitrogen
JProfessor of Surgery, The University of Alberta
Edmonton, Alta.
and carbon dioxide flowed at controlled
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RESPIRATOR

PUMP

ARTERIAL PUMP ,
VACUUM

---- (? ) THERMOSTAT

MANOMETER

HEATER

VENOUS PUMP

Fig. 1.—Isolated lung perfusion circuit.

rates. Fig. 1 illustrates the apparatus and
circuit schematically.
Perfusion Control

nate experiment to maintain glucose levels
between 60 and 70 mg/100 ml. The control
group of eight lobes received no supple
mental glucose or insulin.

The circuit was primed with 1,200 to
Measurements
1,500 ml of autologous heparinized whole
The lower lobe was weighed before and
blood containing one million units of peni
after
perfusion. Pulmonary arterial and
cillin. Oxygenated blood flowed from the
venous
pressures and lobe weight change
lobe into an adjustable venous reservoir.
were
continuously
monitored throughout
Photoelectric sensing of reservoir blood
volume controlled pumping of blood to the perfusion. Lobe tidal volume and ventilat
deoxygenator, and provided continuous ing pressures were recorded at 30-minute
control of venous pressure, maintained at intervals on a recording vitalometer. Ve
2 to 4 mm Hg.8 Deoxygenated blood was nous and arterialized pH, P c q 2 and P o 2
then returned to the lobe via the cannu- were determined every 30 minutes. At the
lated pulmonary artery. Immediately after same time that blood was withdrawn for
initial ventilation, blood flow was started gas analysis, the fraction of alveolar car
and gradually increased to 15 ml/kg bon dioxide (FACOo), the fraction of
(donor)/min.9 Negative-pressure fluctua mixed expired carbon dioxide (F E C 02)
tions of 4 to 8 cm HoO in the chamber and the partial pressure of mixed expired
controlled lobe ventilation with warmed, oxygen (PEOo) were measured with re
humidified room air at a rate of 10 to 12 cording electrodes. Perfusate hemoglobin,
per minute. The end-inspiratory pressure hematocrit, glucose and lactate were meas
was raised to -10 to -12 cm HoO for one ured every 30 minutes.
Biopsy specimens from the upper lobe
or two breaths at 30-minute intervals to
replace the normal sigh and minimize pro prior to its removal and from the lower
gressive atelectasis and pulmonary edema.10 lobe at the end of perfusion were frozen
in liquid nitrogen for later biochemical
Biochemical Control
evaluation of tissue glycogen,11' 13 lactate,
Glucose and insulin were added pe adenosine triphosphate (ATP), adenosine
riodically to the perfusate of every alter diphosphate (ADP) and adenosine mono-
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Fig. 2a

Fig. 2b

phosphate (AM P).14 Specimens of upper
lobes and perfused lower lobes were fixed
in 10% formalin for histological examina
tion.
All experiments were terminated when
venoarterial oxygen differences, alveolararterial oxygen gradients, or lobe compli
ance decreased by 25% of the initial values.
R esults

The average perfusion time in the con
trol group was 6.6 hours compared with

9.4 hours in the treated group. Both glu
cose-treated and control lobes remained
relatively normal in appearance through
out perfusion, with only minimal subpleural hemorrhage. The weight of the lobes
increased similarly in both groups through
out the initial four to five hours of perfu
sion, after which time the weight increased
markedly in the control group. Blood glu
cose was not detectable in control-lobe
perfusate after four to five hours of perfu
sion.

TABLE I —M ean P ulmonary H emodynamics and F unction in I solated L eft

(T reated = T ; C ontrol = C)
T ime
{■hrs)
0
X
1
1%

2
2

3
3

'A
'A

4
4

5
5

6

'A
'A

Venoarterial
difference
{mm H g)
C
T
37
40
36
34
33
29
32
34
33
30
30
28
29

33
37
41
44
46
38
38
41
39
38
37
37
31

02

Lobe compliance
(cc/cm HOH/lobe
g X 100)
C
T
35
33
30
28
28
27
27
27
25
27
26
25
25
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34
36
33
33
32
36
33
34
31
29
28
29
27

Pulmonary vascular
resistance
{dynes/sec/cm-*)
C
T
2093
1739
1476
1452
1389
1390
1377
1496
1522
1588
1523
1628
1757

1766
1480
1311
1238
1181
1165
1196
1159
1272
1249
1305
1420
1389

Alveolar-arterial
0 2 gradient
{mm Hg)
C
T
31 .7
28.1
2 2 .9
20.2
2 3 .6
29.0
26.4
27 .6
27.7
3 2 .0
29.5
29.1
2 1 .4

46.4
37.5
27.8
21 .0
18.7
22 .0
20 .9
23.1
2 6 .8
2 3 .7
21.4
21.1
3 0 .4

P ulmonary) L obes

Venous admixture
{mm Hg)
C
T
12.8
14.1
14.8
14.9
17.4
21.8
21.8
21.0
24.0
23 .8
24.2
2 1 .7
2 1 .7

25.4
19.4
15.6
10.5
8.9
10.2
11.5
13.7
16.5
14.6
13.7
17.0
2 0 .9
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V -A
OXYGEN
DIFFERENCE
(mm Hg)

Fig. 3.—Comparison of the mean venoarterial
oxygen difference of both groups during the
initial six hours of perfusion.

Fig. 5.—Comparison of the mean pulmonary
vascular resistance of both groups during the
initial six hours of perfusion.

Histological examination of lower lobes
of the treated group (Fig. 2a) showed im
proved preservation with less septal thicken
ing, microatelectasis, intra-alveolar hemor
rhage and edema, and markedly less peri
vascular and peribronchiolar hemorrhage
than in the control lobes (Fig. 2b).
Table I sets forth the hourly hemodyna-

mic and pulmonary function data for the
16 animals. Mean venoarterial oxygen dif
ference (Fig. 3) and dynamic lobe compli
ance10 (Fig. 4) in the glucose-treated group
were significantly greater than in the control
group (P < .0 3 ), but pulmonary vascular re
sistance15 (Fig. 5) was less in the treated
group after the first hour of perfusion. Al
though alveolar-arterial oxygen gradients
and shunting of mixed venous blood through
perfused lobes during room-air ventilation
were less in the treated group, the differ
ences were not significant.15
Table I I shows the mean biochemical tis
sue changes that had occurred at the end
of perfusion in both groups. Glycogen and
lactate deposition (Fig. 6) occurred in both
groups, although significantly more so
in the perfusate-enriched lobes. Although
tissue ATP and ADP (Fig. 7) showed a
greater increase in the treated group, the
elevation of tissue ADP was not significant
TABLE II.—M ean D ifference B etw een I nitial
B iochemical T issue A ssays (jj . moles/g)

and F inal

Control

PERFUSION TIME (hours)
Fig. 4 . — Comparison of the mean lobe compli
ance of both groups during the initial six hours
of perfusion.

Glycogen..............
Lactate.................
A TP.....................
ADP.....................
AMP....................

10.9
0.8
0.44
-0.06

Treated
18.3
13.3
2.2
0.68
0.09

184

THE CANADIAN JOURNAL OF SURGERY

GLYCOGEN

Vol. 17

statistically. AMP (Fig. 7 ) increased in the
treated group, but decreased significantly
in control lobes.
D iscussion

DIFFERENCE

The lung is rapidly becoming recognized
as an important metabolic organ. Recent
work by Weber and Visscher1,; and Rubenstein, Zwi and Miller1 ' has shown that iso
lated canine lungs utilize glucose at a rate
of 100 m g/100 g wet weight/hr, produce
25 % of the lactate utilized by the heart and
S D 4.8
S D 8.6
diminish insulin levels by 15% to 19% .
LACTATE
Perhaps the difficulty many investigators
experience in preventing early deterioration
of parenchymal integrity and lung function
13.3
can be related to an inadequate pulmonary
DIFFERENCE
metabolic environment. Enrichment of the
( fj. moles/g)
perfusate with glucose and insulin proved
beneficial in prolonging and improving pul
monary function as reflected by well-main
tained gas exchange, minimal weight gain
GLUCOSE
CONTROL
and relatively more normal post-perfusion
S D 5.2
S D 1.5
histology.
Fig. 6.—Mean difference between initial and
Biochemical determinations reflected the
final tissue glycogen and lactate in both groups.
functional assessments of both series. In
3
creased cellular ATP and ADP in both
ATP
groups may represent normal variations
DIFFERENCE 2
about a basal level, the greater increase in
( fj. m oles/g)
the treated group being due to the added
1
0.8
glucose. However, the greatly elevated tis
sue lactate values (Fig. 6) in both groups
0
GLUCOSE
CONTROL
cannot
be accounted for by pulmonary in
S D 2.1
S D 1.1
tracellular glycolysis alone. This can be
shown arithmetically, assuming that pul
monary tissue produces 50 mg lactate/100
g wet w e ig h t/h r.1 e The total amount of
DIFFERENCE
tissue lactate that could be produced is less
(/i moles/g )
than half the measured value (Table I I ),
even discounting the probability of intra
cellular lactate utilization. Accumulation of
lactate in the interstitium is therefore most
probably
the result of perfusate diffusion,
S D 0.6
S D 0.3
reflecting elevated blood-lactate levels in
0.10
the blood perfusate.
Elevated tissue-glycogen levels in control
lobes after three to five hours of perfusion
DIFFERENCE
without glucose supplement may be attrib
( /xmoles/g )
uted to diminished tissue AMP which can
interfere with the phosphorolysis of glyco
gen or glycolysis or both.18 Although the
0.06
mechanism for phosphorolysis of glycogen
-0.06
Fig. 7.—Mean difference between initial and in the lung is not known, it is perhaps si
final tissue ATP, ADP and AMP in both groups. milar to that of muscle or liver in which
(/^m oles/g)

tl
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AMP activates the phosphorylase enzymes
involved in the conversion of glycogen to
glucose-1 -phosphate.18 Diminished AMP
may directly interfere with the conversion of
fructose-6-phosphate to fructose 1,6-diphos
phate in the glycolytic pathway. It has also
been shown that ATP in high concentra
tions inhibits phosphofructokinase activity,
hence conversion of fructose-6-phosphate
to fructose 1,6-diphosphate,19 and that
elevation of AMP is the most important fac
tor in overcoming ATP inhibition.-0 Ac
cordingly, glycogen stores could perhaps be
utilized if cellular AMP were increased.
This could perhaps be achieved by adding
dibutyryl adenosine 3 ', 5 ' cyclic monophosphoric acid, a cell wall-permeable ana
logue of AMP, to a non-glucose enriched
perfusate in an attempt to overcome possible
AMP metabolic blockade.
The technical assistance of Mr. J. Soldan, Miss
M. Lear and Mrs. A. Klein is gratefully ack
nowledged.
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COMPLICATIONS OF INTRAVENOUS ALIMENTATION IN SERIOUSLY
ILL INFANTS*
JAMES E. DIMMICK, M.D., D A V ID R. ELLIS, M.D., Ch.B.,t D AV ID F HARDWIC K
M.D. and MURRAY R. KLIM AN, M.D., Vancouver, B.C
HARDW1CKSummary: The late metabolic, thrombotic and
septic complications in 13 infants receiving
intravenous alimentation are presented. Rachitic
bone disease of probable hypophosphatemic
origin was present in two infants and nephrocalcinosis occurred in four. Five deaths were
attributed to complications of intravenous ali
mentation.
Resume: Les auteurs presentent 13 cas de com
plications metaboliques, thrombotiques et septiques survenues tardivement chez des nourrissons alimentes par voie intraveineuse. Chez
deux de ces malades, on notait des lesions osseuses
rachitiques
probablement
d'origine
hypophosphatemique et, chez quatre autres, de
la nephrocalcinose. On deplore cinq deces attribuables aux complications de I'alimentation
intraveineuse.
I n t r a v e n o u s alimentation offers the clini
cian a convenient method of maintaining the
nutrition of the patient who has lesions that
preclude oral feeding or intestinal absorp
tion. However, the technique has not been
without hazard1-4 and, although in some
series there have been few complications,
technical catheter problems, major ve
nous thromboses and septicemia have
occurred.1-4 Immediate metabolic complica
tions such as dehydration, acidosis, post
infusion hypoglycemia, hypokalemia, hy
pocalcemia, 4 hyperaminoacidemia a n d
hyperammonemia,8 and hypophosphatemiainduced reduction of red blood cell 2-3-diphosphoglycerate9 have been reported. Late
metabolic complications, as exemplified by
bone disease, have been apparently uncom
mon, but radiological bone changes have
been reported-, *■ 19 and include one case
of scorbutic-like bone disease secondary to
copper deficiency.10
Department of Pathology, Division
of Pediatric Pathology and Department of Sur■.DuV^'°,n "f Pediatnc Surgery, University
ot British Columbia and Vancouver General H os
pital, Vancouver, B.C.
fPresent address: Department of Orthopedics,
Victoria Hospital, London, Ont.
Reprint requests to: Dr. D. F. Hardwick, Depart
ment o f Pathology, Division o f Pediatric Pathology, Faculty of Medicine, University of British
Columbia, Vancouver, B.C.

This paper reports the septic, thrombotic
and late metabolic complications encoun
tered in a series of 13 seriously ill infants,
eight of whom had postmortem examina
tions.
M a t e r ia l a n d M e t h o d s

From 1968 to 1971 13 seriously ill in
fants received total parenteral alimentation.
Of these infants, 11 had serious gastrointes
tinal disease and nine of them required ex
tensive surgery. Two infants had idiopathic
respiratory distress syndrome. Alimentation
catheters were placed at an average age of
10 weeks, with a range of 1 to 38 weeks
and were in place for an average duration
of 35 days with a range of four to 111 days.
Twenty-five catheters were used for a total
of 457 days (Table I). The technique of
catheter insertion, maintenance and care
differed little from that described by Wilmore and Dudrick.11- A Silastic catheter
(Medi-cath, Chesebrough-Ponds Inc., New
York, N.Y.) was inserted under aseptic
conditions into the external or internal ju
gular vein and thence into the central ve
nous pool. The proximal end of the catheter
was then brought out through a subcutane
ous tunnel. Except for the earliest cases, two
0.22-micra micropore filters (Swinex, Millipore Corp., Montreal Millipore Ltd., Mont
real, Que.) were placed in the catheter line
and fluid delivery was maintained by a con
stant infusion pump. Casein and fibrin hy
drolysates (Amigen, Baxter Laboratories of
Canada, Malton, Ont., and Aminosol, Ab
bott Laboratories Ltd., Montreal, Que.), 5
g to 50 g/100 ml dextrose in water, sodium
chloride, potassium chloride, calcium glu
conate and magnesium sulfate were administered; Multiple vitamin preparations and
additional vitamin B12, vitamin C, vitamin
K and folate were also given regularly and
plasma was used to provide the “trace met
als”.4 Inorganic phosphate was not admin
istered routinely to any infant. Some patients
received ethanol and fat emulsion (IntraliPjd, Pharmacia Canada Ltd., Montreal,
Que.); the latter product and whole blood’

TABLE I.—Summary

Case
no.
i
2
3
4
5
6
7
8
9
- 10
11
12
13
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of

D uration

Age
alimentation Total duration of alimentation
in days
was
(Number of catheters)
begun
50 (3)
2 months
10 (1)
1 month
36 (2)
3 Yi months
6 months
111 (2)
71 (6)
12 days
5 (1)
22 days
26 (1)
10 days
31 (2)
months
21 (2)
7 days
29 (1)
1Yi months
9 (1)
2 months
54 (2)
1 month
4 (1)
2 months

of

T herapy

and

P atient C ourse

Reason
Small bowel atresia
Idiopathic respiratory distress syndrome
Hirschsprung’s disease
Small bowel atresia
Gastroschisis
Omphalocele. Colonic atresia
Gastroschisis
Chronic active gastroenteritis
Idiopathic respiratory distress syndrome
Chronic diarrhea of unknown etiology
Necrotizing enterocolitis
Enterocolitis
Necrotizing enterocolitis

when given, were administered through the
central venous catheter when no other route
was available. The intravenous fluid con
tainer, catheter and filters were changed
regularly, and these and the insertion site
were cultured routinely.
C ase Su m m a r ie s

Examination of clinical and pathological
data suggested that five of the 10 deaths
were secondary to complications arising
during alimentation therapy. The case sum
maries of these five infants are presented
below.
Case 1.—This male infant whose birth
weight was 3,000 g was the product of a preg
nancy complicated by hydramnios. Shortly
after birth, intestinal obstruction was diagnosed
and, at laparotomy, segmental atresia of the
jejunum and ileum was found, resected and
the bowel exteriorized. Postoperatively, gram
negative septicemia and enteritis with episodic
intestinal obstruction occurred and these were
treated with appropriate antibiotics and estab
lishment of an ileostomy. Intravenous alimenta
tion was begun at 2 months of age and con
tinued for a total duration of 50 days. The
catheter was withdrawn on two occasions; once
because of extravasation of fluid into subcuta
neous tissue, and on a second occasion for
faulty positioning in the azygous vein. During
alimentation repeated bacterial septicemia oc
curred and disseminated intravascular coagulo
pathy also supervened. These complications
were treated with heparin and appropriate an
tibiotics. Additionally, hypoproteinemia, throm
bocytopenia, anemia, periodic hypocalcemia
and weight loss occurred. At 4Vi months of
age the infant again developed abdominal

Outcome
Died
Died
Died
Died
Died
Died
Died
Died
Died
Alive
Alive
Alive
Died

distension and passed bloody stools. Pneumo
nia and death followed.
At autopsy the body was 51 cm in crown-heel
length and weighed 2,670 g. The catheter tip
was located in the azygous vein; no thrombi
were present on the catheter tip or on the vein
wall. The pleural cavities each contained 10
ml of cloudy yellow fluid; the lungs demon
strated patchy consolidation and multiple ab
scesses. The peritoneal cavity contained 50 ml
of clear amber fluid associated with many
delicate adhesions and the small bowel seg
ment, which was 68 cm in length, was intact
at the anastomotic sites. Adjacent to these
sites, however, hemorrhagic mucosal lesions
were present. Yellow and red mottling of the
liver was noted. Grossly the kidneys and re
maining organs were normal.
Microscopically a diffuse pneumonitis with
multiple pulmonary abscesses and pulmonary
septic thromboemboli in varying stages of
organization were found. Occasional hyaline
membranes were also noted. The small bowel
demonstrated a superficial enteritis adjacent
to the anastomotic sites. Centrilobular conges
tion was present in the liver. Focal renal in
terstitial and renal tubular calcification were
present. The latter was predominantly within
the distal convoluted tubules and not uncom
monly found in the region of the macula densa. The interstitial foci of calcification were
confined to the renal cortex. There was no
evidence of bone disease. Special stains for
fungi were negative.
Case 2 .—This male infant was born at 29
weeks’ gestation and had a birth weight of
1,280 g. Severe idiopathic respiratory distress
syndrome necessitated prolonged artificial
respiration. Intravenous alimentation was be
gun at 1 month of age and continued for 10
days, during which time hypocalcemia oc-
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curred and catheter obstruction was noted on reinsertion, Candida albicans was cultred from
one occasion. Thirty-nine days after birth the the catheter filter. The infant then developed
infant died after several episodes of apnea and marked respiratory distress and died.
bradycardia. During life, while receiving ali
At autopsy the body weighed 3,790 g and
mentation, Candida albicans was cultured
the crown-heel length was 55 cm. The catheter
from throat and blood specimens.
The body weighed 1,910 g and was 45 cm tip was in the superior vena cava and was free
crown-heel in length. Grossly no abnormalities from thrombi. The lungs were firm and had a
were detected. Postmortem heart and brain purplish, mottled visceral pleura. Ten milli
cultures yielded Candida albicans. Microsco litres of yellowish pericardial fluid was present.
pically yeast and pseudomycelial forms invad The heart, when opened, contained a yellow,
ing tissues through blood vessel walls were lobulated mass adherent to the right atrial
seen in the thymus, lung, kidney, liver and wall, filling the atrial chamber and extending
brain. The invaded tissue showed little inflam through the tricuspid valve orifice into the
matory response; however, in the lung the fun ventricle to which it was also adherent. The
gal infiltration was associated with a focal mass was firm and difficult to detach from
lymphohistiocytic perivascular reaction. The the endocardium. The pulmonary valve and
lungs also showed interstitial cellular thicken outflow tract were unremarkable, as was the
ing and slight fibrosis with the occasional left side of the heart. The liver was grossly
hyaline membrane still present. There was mottled yellow and red; the kidneys appeared
no evidence of thromboembolism in the lungs normal; the bowel was focally distended.
and bony tissue was not available to deter Heart cultures yielded Candida albicans.
mine the presence of rickets. Except for peri
Microscopic examination showed candidia
vascular fungal infiltration, kidneys and liver sis involving brain, heart and lungs. In the
showed no special features.
lungs the infiltration was associated with an
inflammatory response composed predomi
Case 3. This 3,180-g male infant was re nantly of lymphocytes, some plasma cells,
admitted to hospital three weeks after birth macrophages and focal aggregates of polymor
at term for investigation of excessive loose phonuclear leukocytes. Recent pulmonary
stools, vomiting and weight loss. Stool cultures thromboembolism was also present. The lob
were negative for Candida species and staphy ulated intracardiac mass was a mycetoma con
lococci at that time. Following radiological taining a tangled mass of pseudohyphae and
investigations a colonic biopsy was done, con yeast forms. Budding yeast forms were also
firming the clinical diagnosis of Hirschsprung’s present within the coronary vessels and a
disease. A right transverse colectomy was per myocardial microabscess was noted. Micro
formed and was followed by vomiting and abscesses were also present in the brain. Focal
abdominal distension. At a subsequent laparo fibrosis and minimal inflammation were pres
tomy multiple biopsies were taken, the colon ent in the small bowel. The kidneys showed
and ileum were resected to a level 11 cm only focal interstitial inflammation. There was
proximal to the ileocecal valve and an ileos no evidence of bone disease.
tomy was performed. Eventually an ileorectal
pull-through operation was carried out. Fol
Case 4.—At 6 days of age this 2,210-g
lowing the ileostomy procedure, alimentation male infant was transferred to this hospital
therapy was begun. Seven days later E coli and for treatment of atresia of the small bowel.
S. fecalis were cultured from the surgical The extensive degree of the atresia necessitated
drain site and, whithin seven days, an E. the formation of a proximal jejunocolic anas
coli septicemia occurred. Candida albicans tomosis. Postoperative nutrition was mainwas also cultured from the surgical drain taned orally and via the usual intravenous
site and from the catheter filter, and one routes, during which time oral thrush devel
day later was present in blood cultures. oped. Progressive deterioration and weight
Because of the contamination the alimentation loss prompted the insertion of a jugular vein
catheter was then removed, after having been alimentation catheter six months after the ini
in place for 21 days. During the ensuing five tial operation. Catheter sepsis, electrolyte
weeks the infant showed some improvement; imbalance, bacteremia and recurrent febrile
then abdominal distension, pneumonia and episodes were followed by spontaneous disnutritional imbalance occurred, necessitating lodgement of the catheter. After its reinsertion
reinsertion of the alimentation catheter. During blood cultures repeatedly yielded Candida
this period, as before, broad-spectrum anti species. Recurrent generalized convulsions
biotics were used. Five days following the supervened and were difficult to control. Ad-
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ditional complications included periodic hypo
calcemia and persistent hypophosphatemia
(less than 1 m g /100 ml on occasion). Radio
logical examination showed changes diagnostic
of rickets. A fistulous tract from the first ali
mentation site developed and drained fluid
containing Candida species. In the last week
of life the infant was thought to be blind and
white retinal lesions were identified. The child
died at 10 months of age after 111 days of
alimentation therapy.
At autopsy a rachitic “rosary” of the costo
chondral junctions was obvious. The proximal
jejunocolic anastomosis was intact and, al
though Peyer’s patches were prominent, there
was no evidence of enterocolitis. The liver had
a mottled, reddish-yellow appearance and the
kidneys appeared normal. The brain, weighing
720 g, was congested, and patchy arachnoid
cloudiness was noted. Postmortem brain and
heart cultures were negative.
Microscopically, pulmonary thromboem
bolism was present with evidence of organiz
ation. A mycotic mycotic aneurysm of a pul
monary artery was found, containing mononu
clear inflammatory cells and the occaisonal multinucleated giant cell and showing destruction
of the elastica of the involved vessel. Numer
ous non-caseating small granulomas were
found in the brain where budding yeast forms
were present. A retinal granuloma containing
budding yeast forms was also present. The
kidneys contained focal interstitial and renal
tubular calcification. The interstitial calcifica
tion was confined to the renal cortex and the
tubular calcification predominated within the
distal convoluted tubule and, again, calcific fo
ci in the region of the macula densa were not
uncommon. The long bones and ribs at the
costochondral junction showed a broadened,
irregular zone of cartilaginous columns and a
wide zone of irregular, unmineralized osteoid
with no evidence of remodelling. Osteoclasts
were present only within the subperiosteal re
gion in one area and were absent in the region
of the primary spongiosa. There was no sub
periosteal new bone formation, fractures or
marrow space fibrosis. The two parathyroid
glands examined showed no abnormalities.
Case 5.—This male infant of 32 weeks'
gestation (birth weight 1,860 g), had a rup
tured gastroschisis involving 75 cm of small
bowel. At laparotomy this was found to be as
sociated with large bowel atresia and micro
colon beginning at the hepatic flexure. A je
junocolic anastomosis was performed follow
ing resection of the gangrenous small bowel.
Despite a gastrostomy done at that time, oral

feedings with intravenous augmentation failed
to maintain nutritional requirements, so that
12 days postoperatively total intravenous ali
mentation was begun. This catheter was acci
dentally removed one week later and, owing
to a number of technical catheter problems,
five more alimentation catheters were required
over the next six months.
During the same six-month period moni
toring of various blood fractions revealed
gross imbalances including hyperbilirubinemia,
hypoproteinemia, anemia, thrombocytopenia,
electrolyte disturbances, periodic hypocalce
mia, hypophosphatemia and periodic hypomagnesiumemia. Septicemic episodes occurred
and were due, at different times, to S. fecalis, S. alb us, two different strains of E. coli and
S. aureus. Candida albicans was first isolated
from the umbilicus two weeks after the ini
tial gastroschisis repair and from that time
until death was cultured on different occa
sions from many sources, including the cathe
ter entry sites, pleural cavities, blood, intra
venous catheter tubing, filters and intravenous
fluid containers. Facial and leg edema oc
curred on various occasions and was thought
to be secondary to superior and inferior vena
caval thromboses. Extravasation of intravenous
fluid into subcutaneous and pleural spaces also
occurred. Radiological examination showed
generalized decreased bone density and an
area of increased density extending transverse
ly in the proximal tibia. A similar lesion was
noted in a metatarsal bone. These were con
sidered to be compression fractures. In addi
tion. delayed appearance of ossification cen
tres was noted. During the seventh month of
life the infant deteriorated rapidly and died
following a succession of bacterial and fungal
septicemias. An autopsy was not performed.
Summary
F indings

of

Clinicopathological

The complications encountered in the se
ries of 13 infants receiving intravenous ali
mentation are summarized below. T he
summary is not restricted to those infants
whose deaths were attributed to intravenous
alimentation.
Thrombotic complications developed in
seven of the 13 cases. In three, pulm onary
thromboembolism occurred; in two, m ajor
vein and right atrial mural throm boses were
present without clinical evidence of ob
struction; two cases had facial or limb ede
ma, which was considered on clinical
grounds1 to be due to venous throm bosis
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Case Major vein
thrombosis
1

12

Yes
(autopsy
only)
No
Yes
(autopsy
only)
Yes
(autopsy
only)
Yes
(clinical)
Yes
(autopsy
only)
No
Yes
(autopsy)
only)
No
No
Yes
(clinical)
No

13

No

2
3
4
5
6
7
8

9
10
11
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Septicemia

Tubing/filters

Lifeline
insertion
sites

No

Bacterial

Bacterial

None

Abdominal surgical wound

No
No

Fungal
Fungal/
bacterial

Not available
Bacterial/
fungal

None
Fungal

Blood, heart, brain, throat
Blood, catheter, filter,
abdominal wound

Yes,
x-ray
(autopsy)
Yes,
x-rav
No

Fungal/
bacterial

Bacterial/
fungal

Fungal/
bacterial
None

Fungal/ Blood, catheter, filter, cerebro
bacterial spinal fluid, urine, catheter inser
tion site
Bacterial/
Fungal/ Blood, catheter, filter, urine,
fungal
bacterial catheter insertion site
Not available None
Ileum

No
No

Bacterial
None

Bacterial
Bacterial

Bacterial Urine
Bacterial None

No
No
No

None
None
None

None
None
Not available

None
None
Fungal
Catheter insertion site
Bacterial None

Yes,
x-ray
No

None

Bacterial

Bacterial

None

Fungal/ Urine, abdominal wound,
bacterial catheter insertion site
None
Urine

Bone
disease

(Table II), although this was not substanti
ated at autopsy.
Late metabolic complications, as exemplifield by bone disease and nephrocalcinosis,
were present in six infants. Rickets was
diagnosed radiologically in two infants
(Cases 4 and 12) and was confirmed histo
logically in one. A third infant (Case 5),
on whom an autopsy was not done, showed
abnormal bone changes, but diagnostic ra
diological evidence of rickets was lacking.
Nephrocalcinosis was present in four in
fants (Table III). Calcification was most
prominent in the epithelium of the distal
convoluted tubules, frequently in the region
of the macula densa. Additionally, there
was interstitial calcification which was con
fined to the renal cortex and was less com
mon than the tubular lesion. Focal calcifica
tion was not present in other tissues.
Septicemia was a common complication,
occurring in seven of 13 infants (Table II)'
In four of these Candida was the only
organism or the more consistently cultured
organism. In three cases of Candida septi
cemia the fungus was present in catheter
tubing, filters and at the insertion site. In
addition, Candida was cultured from vari
ous sites in 10 of the 13 infants and was

Candida culture-positive sites
pre- and postmortem

present at more than one site in the same
patient in six cases (Table II). In the re
maining three cases the septicemia was of
bacterial etiology and only one patient (Case
13) did not have the causative organism in
catheter tubing, filters or insertion site. In
this case the septicemia was considered to
be a terminal event. Six infants, then, did
not have septicemia; however, four of these
had positive cultures from the catheter in
sertion site and three had positive cultures
from catheter tubing and/or filters (Table
II).
Miscellaneous technical catheter com
plications also occurred. Of the 26 catheters
used, four were removed for subcutaneous
leaking, five for blockage and three for
cracking of the tubing and at least one for
faulty placement. Dislodgement of the cathe
ter occurred in two cases.
D iscussion
In contrast to the reports of Filler et al,5
Wilmore and Dudrick6 and Wilmore et al,7
the present series has a high incidence of
complications. Filler et al5 reported a se
ries of 14 infants who, after 14 to 60 days
of treatment, were discharged well. Wilmore
and Dudrick6 presented 30 consecutive
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TABLE III.—Summary

of

P athologic F indings

at

Autopsy

Probably alimentation-related
Case
no.

1

2

3

4

Non-alimentation-relaled

(1) Congenital atresia of
bowel resected
(2) Enteritis—super
ficial
(3) Pulmonary hyaline
membrane formation
(1) Prematurity (29
weeks’ gestation)

Infective

(1) Candidiasis—
(1) None
thymus, lungs, liver,
kidney, brain

(2) Idiopathic respiratory
distress syndrome
(1) Candidiasis—
(1) Hirschsprung’s
heart, lungs, brain
disease—resected
(2) Candidial myceto
ma of right heart
(1) Congenita! atresia of (1) Candidiasis-—
brain, lungs, eye
small bowel—resected
(2) Mycotic mycotic
aneurysm of lung
(3) Retinal granuloma
(1) None
(1) Omphalocele—
resected
(2) Atresia of colon—re
sected and anastomo
sed
(3) Ileostomy
(4) Ileal perforation
(5) Fecal fistulas
(6) Gastrostomy
(7) Wound dehiscence
(8) Hemosiderosis'—
spleen and liver
(1) None
(1) Gastroschisis

8

13

(2) Enteritis
(3) Septicemia
(1) Chronic active gastroenteritis

Thrombotic

Metabolic

(1) Multiple pulmonary (1) Multiple pulmonary (1) No evidence of
rickets
abscesses
vascular thrombo
ses, recanalized and
septic
(2) Nephrocalcinosis
(2) Pneumonitis

(1) None

(2) Confluent broncho
pneumonia
(1) Transposition of great (1) None
vessels
(2) Necrotizing gastro
enteritis with perito
nitis
(3) Asphyxia- mucous
plug
(4) Septicemia

cases also without apparent complications
and Wilmore et al 7 subsequently reported
18 infants who were on intravenous alimen
tation for seven to 400 days; of these, three
had positive blood cultures— two positive
for Candida and one positive for Staphylo
coccus.
However, we are not unique in encoun
tering a high rate of complicating1- 2- 4
Groff1 reports 17 complications in a series

(1) Unable to assess

(1) Pulmonary throm
boembolism

(1) No evidence of
rickets

(1) Pulmonary throm
boembolism

(1) Rickets present
and marked
(2) Nephrocalcinosis

(1) No evidence of
(1) Bland thrombosis,
rickets
left innominate vein
and right atrial wall

(1) None

(1) No evidence of
rickets
(2) Nephrocalcinosis

(1) Innominate and
superior vena caval
thrombophlebitis

(1) No evidence of
rickets

(1) None

(1) No evidence of
rickets

(2) Nephrocalcinosis

of 18 infants, including septicemia, major
vessel obstruction, fluid extravasation,
catheter plugging or dislodgement, dehydra
tion and local skin infection. Boeckman and
Krill2 encountered 26 complications in 15
patients; Candida sepsis occurred in six pa
tients, bacterial sepsis in eight, leaking
catheters in two, osmotic diuresis in two,
hypokalemia in one, refractory hypocalce
mia in one, and bone changes in four pa-
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tients. Recently Heird et al4 included in
their review a summary of 81 complications
occurring in 118 pediatric patients, includ
ing 10 patients whose death was attributable
to intravenous alimentation. The complica
tion rate is therefore approximately 70%
and the mortality rate approximately 9%.
Ten of 13 infants in the present series
died. Complications of intravenous alimen
tation were the probable cause of death in
five, being thus responsible for a mortality
rate of 38.5% . Septic and thromboembolic
phenomena were the most common com
plications encountered. However, rickets,
diagnosed in two of the three infants with
bone disease, also is of major significance in
view of the probable etiology. Phosphate de
pletion, a well-documented cause of severe
rachitic bone disease and osteomalacia,13-16
was likely produced by inadequate phos
phate administration resulting in prolonged
hypophosphatemia. Nephrocalcinosis of un
known etiology was also encountered.
These findings emphasize the continuing
need to assess, monitor and investigate the
use and consequence of total intravenous
alimentation which, in some cases, may lead
to catastrophic complications, and yet, in
others, be of great benefit.
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BOOK REV IEW S

The intern acquires a knowledge of surgical
techniques by observation while he acts as an
assistant at operations. Methods of handling
instruments, introducing sutures and control
ling bleeding are picked up in the course of
his apprenticeship. Moreover, the chief who
is interested in teaching will always be ready
to point out and explain the basic steps in
carrying out surgical procedures. But to many
neophytes it is an advantage to have these
clearly set out in a form they can readily
understand and to refresh the memory when
this is inexact. This short handbook will serve
not only the beginner but also the resident,
and give insight into how the surgeon accom
plishes his task. Numerous line drawings illu
strate ways of handling tissues, making inci
sions and displaying structures. The entire
work is extremely practical and gives good
advice and therefore can be recommended to
those for whom it is intended.

dealt with in considerable detail. The emphasis
regarding treatment does not always conform
to that accepted on this continent; for exam
ple in the prevention of sympathetic ophthal
mia the author appears to be loath to remove
a wounded eye which may threaten sympathe
tic ophthalmia and seems to rely on antibiotics
and steroids for its prevention.
This book is a valuable review of the re
search into uveitis and its management by our
European colleagues. It is most welcome in
that it presents, in English, views and em
phases different in some areas from those com
monly held in North America, and not pre
viously readily available to our almost mono
lingual society. The translators have performed
their task well but, as in any symposium, there
is some unevenness in presentation by different
authors and at times the ideas could have been
expressed more succinctly. It is a book that
will be of great value to the research worker
and at times to the clinician endeavouring to
establish the etiologic agent in an unusual
case of uveitis. It is not designed for the resi
dent although it should be available to him
in the hospital or university medical library.

A. W. A ndison

H oward R eed

BASIC SURGICAL TECHNIQUES. R.M.
Kirk. 168 pp. Must. Churchill Livingstone,
Edinburgh; Longman Canada Limited, To
ronto, 1973. $5.50. Paperbound.

UVEITIS. Immunologic and Allergic Pheno
mena. R. Campinchi, J. P. Faure, E. BlochMichel and J. Haut. Translated, revised and
indexed by Bruce Golden and Mariette. M.
Givoiset. 818 pp. Must. McGraw-Hill Ryerson Limited, Toronto; Charles C Thomas,
Publisher, Springfield, 111., 1973. $39.50.

This voluminous report is based upon the pa
pers presented to the French Ophthalmological
Society in May 1970. The translators have re
vised and in some areas extended the material.
It is presented in five parts. Part 1 presents
the experimental studies dealing with the immunopathology of the uvea. The clinical and
pathological aspects are covered in Part 2
whilst Part 3 discusses techniques of exam
ination and investigation. Part 4 is concerned
with the known causes of uveitis and Part 5
deals with the principles of therapy in con
siderable detail.
The experimental work on ocular hyper
sensitivity to foreign proteins and autoimmu
nity to uveal and lens proteins is dealt with in
detail. The authors conclude that it is probable
that many forms of uveitis are due to a hyper
sensitivity reaction to foreign protein but point
out that it is difficult in clinical practice to de
termine the nature of the antigen. Campinchi
questions the specificity of the classification of
Woods into granulomatous and non-granulomatous uveitis and suggests a classification si
milar to Duke-Elder’s.
Uveitis due to specific diseases such as sy
philis, leptospirosis and other conditions are

Department of Ophthalmology,
University of Manitoba,
Winnipeg, Man.
COLON AND RECTAL SURGERY. CON
TINUING EDUCATION REVIEW. Eric
J. Lazaro. 214 pp. Medical Esmninafibn
Publishing Co., Inc., Flushing, N.Y., 1973.
$10.00. Paperbound.

This book presents its subject in the form of
700 questions and their answers. Each of the
22 sections is devoted to one aspect of colo
rectal surgery. Every answer is based on a
published article whose reference is supplied.
Since the choice of references is excellent, the
book constitutes an extensive review of the
literature. The answers to the questions of
necessity reflect the point of view of a partic
ular author, so that the reader is called upon
to use his critical judgement.
The book is not recommended for the under
graduate because its use demands a certain
amount of basic knowledge, but it will be of
great value to residents in surgery and for
those preparing for postgraduate examinations.
It will be useful also to teachers and surgeons
interested in the field of surgery covered.
It is to be hoped that the editor will prepare
additional volumes that deal in a similar way
with other aspects of abdominal surgery.
A ndre B. P eloquin

Hopital Notre-Dame
Montreal
(Continued on page XXXVlll)
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Fbr patients with
problems ofdigestion
orabsorptton.

A M meal.

Until now, someone suffering from short gut syndrome
or inflammatory bowel disease also had to suffer something
else: malnutrition.
Because there was no such thing as a nutritious
predigested diet.
Now there is: Flexical.
Flexical absorbs like a clear liquid and nourishes like
a full meal.
It provides all the amino acids, carbohydrates and fat
needed. And there’s virtually nothing to eliminate because
Flexical is a low residue elemental diet.
There’s a lot more to say about Flexical besides the fact
it comes in four flavours: orange, vanilla, banana and fruit.
W ell be happy to send you more information if
you 11 just write.

Flexical elemental diet.
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FlexicaT.
fr'*

FLEXICAL is a low residue, "elemental
diet" based on protein hydrolysate
powder and provides all major nutrients
in a readily-absorbable form.

,

• Carbohydrate consists primarily of
glucose and sucrose with some
added tapioca starch.
• Fat consists of medium chain triglycerides (MCT) and soy oil.
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• Protein is in a predigested readily
assimilable form of amino acids
and low molecular weight peptides.
The product is nutritionally complete
supplying.liberal amounts of vitamins
and minerals. When reconstituted with
water according to directions. FLEXI
CAL provides 30 kcal. per fluid ounce
with a caloric distribution of 8.8% from
protein, 24.6% from fat, 5.5% from MCT
and 61.1% from carbohydrate.
Indications
FLEXICAL may be used for the nutritional management of medical or sur
gical patients who have a functional
gastrointestinal tract and who need a
low residue diet. FLEXICAL may also
serve as an alternative to clear fluids
which, although low residue, are fre
quently not nutritionally complete.
FLEXICAL is also useful as an adjunct
to. or as a transitional phase in the
replacement of parenteral feeding.
Administration
FLEXICAL may be administered orally,
by naso-gastric tube or by enterostomy.
Oral feedings should be served cold
with ice cubes and should be sipped
slowly. Tube feedings should be ad
ministered by slow, continuous drip or
by a food pump if additional calories
or nutrients are required. In the acutely
ill patient, initial feedings should be
diluted to Vs? strength day one. %
strength day two, and full strength day
three, dependent on the patient’s tolerance. Intolerance is characterized by
diarrhea, gastric dumping,or nausea,
and may be adjusted by the dilution
and rate of feeding.
Nutrient Values
Each 454 gm. of powder (1 can) when
reconstituted with 1656 ml. water (58
fl. oz.) will supply about 2 litres at 1
kcal./ml. (30 kcal. per fl. oz.)
Precaution
Always supply enough additional water
to provide adequate urinary output.
Normal Dilution
454 gm. (1 lb.) of FLEXICAL Powder to
1656 ml. (58 fl. oz.) ofwater. This dilu
tion supplies 2000 ml. and 2000 kcal.
(1 kcal./ml.)
Flavouring
FLEXICAL is available in the following
flavours:
Orange. Vanilla, Fruit, Banana
Packaging
FLEXICAL Powder is packed in 1 lb.
(454 grams) cans.

*T.M. Mead Johnson Canada
Division of Bristol-Myers Canada limited,
Toronto, Canada.
Authorized User.
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THE HIP. Proceedings of the First Open
Scientific Meeting of The Hip Society. Pro
gram Chairman: Augusto Sarmiento. 173
pp. Illust. The C. V. Mosby Company, To
ronto, 1973. $22.05.

This small volume, containing papers pre
sented at the first open session of the Hip
Society in 1973, is a whortwhile addition to
the library of those interested in hip recon
struction problems. Included are papers deal
ing with basic science and on bioengineering
material that can greatly assist the clinical
surgeon.
Clinical problems of the hip receive little
notice but, as so much has already been writ
ten on this subject, the rating of the book
should not be reduced on this account. It
makes a significant contribution to knowledge
that is essential if the surgeon is to understand
the conditions he is dealing with in perform
ing total replacement arthroplasty. The volume
is well worth its price.
F. P. P atterson

Division of Orthopaedics,
Department of Surgery,
University of British Columbia
PARENTERALE ERNAHRUNG U N D INFUSIONSTHERAPIE IN DER KLINISCEIEN MEDIZIN. Symposion In Minden/
Westf. 29. April 1972. Edited by Justus
Meyer. 62 pp. Illust. Intercontinental Med
ical Book Corp., New York; Georg Thieme
Verlag, Stuttgart, 1973. DM 19,80. $8.20
(approx.). Paperbound.

This booklet contains the proceedings of a
1972 conference on parenteral alimentation
and infusion therapy in clinical medicine. It
covers, in eight short essays, some of the
aspects of nitrogen balance, its disturbances
as well as their treatment, and of disorders
of electrolyte, water, and acid-base homeo
stasis and their treatment. It offers some sim
plistic guidelines for a variety of approaches
to patient care with parenteral solutions, but
the changeover from spoken to written word
has not been wholly successful. There is often
little background given to explain specific
recommendations; the legends to figures are
skimpy and the tables or figures are often not
discussed in the text. Little mention is made
of normal variations under special circum
stances. The use of the booklet would be
mainly to refresh one’s memory of some of
the commonly occurring deficits and their re
placement, but some basic knowledge of the
subject is required of the reader.
I. C. R adde

The Hospital for Sick Children
Toronto, Ont.
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All communications concerning this journal
should be marked “ The Canadian Journal of
Surgery” and addressed to the Editor, P.O.
Box 8650, Ottawa, Ontario K1G 0G8.
The Journal is published bi-monthly. Sub
scription is $15 per year ($7.50 per year for
trainees in surgery) and starts with the Janu
ary issue of each year. Single copies are $2.50
each, payable in advance.
IN ST R U C T IO N S TO CO NTRIBUTORS
M anuscripts
Manuscripts in duplicate of original articles,
case reports, and other contributions should
be forwarded with a covering letter re
questing consideration for publication in
T h e C anadian Journal o f Surgery. Accept
ance is subject to the understanding that
they are submitted solely to this Journal,
and will not be reprinted without the con
sent of the author and the publishers. Ac
ceptance or rejection of contributions will
be determined by the Editorial Board. As
space is available, a limited number of case
reports will be published. Articles should
be typed on one side only of unruled paper,
double-spaced and with wide margins. The
author should always retain a carbon copy
of material submitted. Every article should
. contain a summary of the contents. The
Concise Oxford Dictionary will be followed
for spelling. Dorland’s Illustrated Medical
Dictionary will be followed for scientific
terminology. The Editorial Board reserves
the right to make the usual editorial changes
in manuscripts, including such changes as
are necessary to ensure correctness of gram
mar and spelling, clarification of obscurities
or conformity with the style of T he Cana
dian Jou rn al o f Surgery. In no case will
major changes be made without prior con
sultation with the author. Authors will
receive galley proofs of articles before pub
lication and are asked to confine altera
tions of such proofs to a minimum.
Reprints
Reprints may be ordered on a form which
will be supplied with galley proofs. It is
important to order these before publication
of the article, otherwise an extra charge
for additional type-setting will be made.

R eferen ces
References should be referred to by numer
als in the text. They should include in
order: the author’s name and initials in capi
tals, title of the article, abbreviated journal
name, volume number, page number and
year. The abbreviations of journal names
should be those used in Index M edicus.
References to books should include in order:
author’s name and initials, title of book,
number of edition (e.g. second ed.), city
of publication, title of publishing house,
year of publication, page number if a
specific reference. For examples, see this
journal January 1971 issue onwards.
Illustrations
A reasonable number of black-and-white
illustrations will be reproduced free with
the articles. Colour work can be published
only at the author’s expense. Photographs
should be glossy prints, unmounted and
untrimmed, preferably not larger than 8 "
x 6 ". Prints of radiographs are required
and not the originals. The magnification of
photomicrographs must always be given.
Photographs must not be written on or
typed on. An identifying legend may be
attached to the back. Patients must not be
recognizable in illustrations unless the
written consent of the subject for publica
tion has been obtained. Graphs and dia
grams should be drawn in India ink on
suitable white paper. Lettering should be
sufficiently large that after reduction to
fit the size of the Journal page it can still
be read. Legends to all illustrations should
be typed separately from the text and sub
mitted on a separate sheet of paper. Illustra
tions should not be rolled or folded.
L an guage
It should be clearly understood that con
tributors are at full liberty to submit articles
in either English or French, as they please.
Acceptance will be quite independent of
the language of submission. If the contri
butor wishes, he may submit an informative
summary of not more than 300 words in
the language other than that in which he has
submitted the article. For example, an ar
ticle in English must carry an English sum
mary and may, if the author wishes, carry
a more detailed summary in French.

